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To the Honorable Somk and House of Represcnta/ives.
In accordunce with chapter 212 of the Acts of 1882, I
have the honor to present the Sixth Annual Report of the
Board of Control of the State Agricultural Experiment
Station.
WM. K. SESSIONS,
/Secretary.
SIXTH A]sr:tnjAL report
DIEECTOR OF THE STATE AGEICULTUEAL EXPERI-
MENT STATION AT AMHERST, MASS.
To the Honorable Board of Control.
Gentlemen:— The past year has been, for several
reasons, an eventful one i# the history of the Massachusetts
State Agricultural Experiment Station. The State Legisla-
ture of 1888 has passed two acts affecting the organization
and the work of the Station. The membership of the
Board of Control has been increased, and the management
of the new regulations for the trade in commercial fertilizers
has been assigned to the director of the Station. The Board
of Control has also assumed the responsibility of attending
to all the chemical work called for in connection with investi-
gations instituted in the various departments of the Hatch
Experiment Station, reserved by the authorities of the
Massachusetts Agricultural College. The terms agreed to
by the Board of Trustees of the college and the Board of
Control of the Massachusetts Experiment Station allow five
thousand dollars of the Hatch fund for that work. The
character of the additional work, as well as the increase in
tinancial resources, has rendered some change in the work-
ing force of the Station advisable. To meet the growing
demand for assistance in adopted lines of investigation, a
department of vegetable physiology has been organized with
a view to assist in particular in the investigation of diseases
of plants by microscopic observations and otherwise. Prof.
James Ellis Humphrey of North Weymouth, Mass., a grad-
uate of Lawrence Scientific School, Harvard University,
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late professor of botany at the University of Indiana, Bloom-
ington, Ind., was elected to the professorship of vegetable
physiology, and entered upon his duties Nov. 1, 1888. A
desirable increase of assistance in the chemical department
of the Station for the coming year will be provided by some
members of the senior class of the Agricultural College, who
are already in training at the Station.
The work carried on during the past year has beeji in the
main in three directions; namely : to determine the cost of
food for the production of milk and pork, field experiments
with difierent kinds of farm crops, and chemical examina-
tions of a variety of substances of interest to farmers. The
results of the season are, on the whole, quite satisfactory.
Unfavorable weather during a considerable part of summer
and autumn interfered at times, somewhat, with a more
general success in field experiments, yet not in a sufficient
degree to question seriously the jDfevious statement.
The chemical laboratory has received a valuable addition
of necessary apparatus. The library of the Station has been
enriched by the addition of books and journals needed for
reference in the special lines of investigations instituted.
The stalls for feeding experiments have been enlarged in the
direction pointed out in the preceding annual report. Most
of the farm buildings are, as far as circumstances permit, in
a good state of preservation ; some of them, however, need
a new coat of paint.
The chemical examinations in the laboratory have been in
various directions, and exceptionally numerous. Fodder
articles, fertilizers, products as well as refuse materials of
various industries, have been tested with reference to their
agricultural value. Much work has been done to determine
the sanitary conditions of water supply in small towns and
on farms. The resources of the chemical department have
been engaged to their full capacity to meet the growing call
for assistance on the part of our farming community.
The work for the improvement of the farm lands has been
continued. Drill culture has been largely adopted for the
renovation of the lands, and green manuring has extensively
served to develop and economize inherent sources of plant
food. The area prepared for future field experiments has
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been enlarged in various parts of the farm. From nine to
ten acres of permanent grass land have been added to our
fodder sources. Every field of the farm has been made to
contribute, as far as practicable, to that end. A detailed
description of the work carried on in the different parts of
the farm will be found in the accompanying report.
The buildings for stock feeding have been considerably
enlarged for the purpose of inaugurating experiments regard-
ing the cost of feed for the production of mutton and beef.
The general arrano-ement for serving; the feed has been
improved with a view to enter, whenever advisable, upon
experiments to study the rate of digestibility of fodder plants
peculiar to American farm industry. The live stock of the
Station consists at present of two horses, six cows, two
steers, six sheep and nine pigs. All, with the exception of
the horses, serve at present in experiments to ascertain the
cost of feed for the production of milk or meat.
The details of the work carried on in the barn, the field
and the laboratory, during the past year, are recorded in the
subsequent pages, under the following headings : -
Feeding Experiments.
I. Experiments with milch cows ; English hay, corn stover, fodder
com, ensilage, corn and cob meal, wheat bran and gluten meal.
n. Experiments with milch cows
;
green fodder, vetch and oats,
Southern cow-pea, corn meal, wheat bran and gluten meal.
III. Experiments with pigs; skim milk, corn meal, corn and cob
meal, gluten meal and wheat bran.
IV. On fodder supply and analyses of fodder articles.
Field Experiments.
V. Fodder corn raised with single articles of plant food.
VI. Fodder crops raised with and without complete manm-e.
Vii. Experiments with vetch and oats, serradella and Southern cow-
pea.
Vill. Experiments with potatoes, roots and miscellaneous crops.
EK. " Potato Scab," by Prof. James Ellis Humphrey.
Work in the Chemical Department.
X. Fertilizer laws and fertilizer analyses ; miscellaneous analyses.
XI. Water analyses.
Xn. Compilation of analyses of fodder articles, with reference to
food value.
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Xin. Compilation of analyses of fodder articles, with reference to
fertilizing ingredients.
XIV. Compilation of analyses of agricultural chemicals and refuse
materials used for fertilizing purposes.
XV. Meteorological observations.
The periodical publications of the Station have been con-
tinued at such intervals as circumstances advise. The public
interest in the bulletins and annual reports is steadily in-
creasing. The State authorities have authorized the publi-
cation of twenty-five thousand copies of the annual report
;
and the call for our bulletins has necessitated the printing of
nine thousand copies, with a prospect of the need of ten
thousand in the near future. The obligation imposed upon
the director of the Station by the new laws for the regula-
tion of the trade in commercial fertilizers, to issue, during a
large part of the year, a monthly statement of analyses of
fertilizers made under his direction, will materially increase
the periodical publication. It appears advisable in the in-
terest of economy to publish the analyses of fertilizers as far
as practicable in the form of business circulars, and to
reserve the discussion of experimental work to the periodical
bulletins.
All parties engaged with me in the work of the Station
have faithfully attended to the tasks assigned to them ; and
it is with particular pleasure that I publicly recognize that
fact.
I cannot consider my whole duty on this occasion fulfilled
without expressing my sincere thanks to you for your kind
support during the past year.
Yours very respectfully,
C. A GOESSMANN,
Director of the Massachusetts Agricultural Experiment Station.
Amhbhst, Mass., Jan. 9, 1889.
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o:n^ feedestg experime:n^ts.
1888,
I. Feeding Experiments with Milch Cows ; English Hay, Com Stover,
Fodder Cora, Corn Ensilage, Corn Meal, Corn and Cob Meal, Wheat
Bran and Gluten Meal.
II. Feeding Experiments with Milch Cows ; Green Fodder, Vetch
and Oats, Southern Cow-pea, Hay, Rowen, Corn Meal, Wheat Bran and
Gluten Meal.
III. Feeding Experiments with Pigs ; Skim Milk, Com Meal, Corn
and Cob Meal, Gluten Meal and Wheat Bran.
I. Feedeng Experiments with Milch Cows ; English
Hay, Corn Stover, Fodder Corn, Corn Ensilage,
Corn Meal, Corn and Cob Meal, Wheat Bran and
Gluten Meal.
During the year 1886 a series of feeding experiments with
milch cows was inaugurated for the purpose of comparing
the feeding effects of dry corn fodder, of corn ensilage and
of corn stover, as a substitute in whole or in part for Eng-
lish hay ; and that of corn ensilage, as compared with various
kinds of roots, as far as practicable, under corresponding
circumstances. The same variety of corn, if not otherwise
specified, sei'ved for each trial. The corn ensilage used on
these occasions has been produced in every instance from a
corn crop of the same advanced state of maturity as the one
which furnished the dry corn fodder, i. e., at the beginning
of the glazing over of the kernels.
The daily diet of the cows consisted, at the beginning of
the experiment, of three and one-quarter pounds of corn
meal, an equal amount of wheat bran, and all the hay they
could eat. This combination of fodder articles was adopted
as the basis of our investigation mainly for the reason that
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it had been used in some of our earlier feeding experiments,
and not on the assumption of its being the best possible
combination of fodder articles for milch cows. The actual
amount of hay consumed in each case was ascertained by
weighing out a liberal supply of it and deducting subse-
quently the hay left over. The statement made in our
records in this connection refers to the average consumption
of hay per day during the feeding period.
The temporary changes in the diet, whenever decided
upon, were carried out gradually, as it is customary in all
carefully conducted feeding experiments. At least five days
are allowed in every instance to pass by, in case of a change
in the character of the feed, before the daily observations of
the results appear in our published records. The dates
which accompany all detailed reports of our feeding experi-
ments, past and present, furnish exact figures in that direc-
tion. This is in particular the case whenever such state-
ments are of a special interest for an intelligent appreciation
of the final conclusions presented. The weights of the
animals were taken on the same day of each week, before
milking and feeding.
The valuation of the various fodder articles consumed was
based on the average local market price per ton in Amherst,
1886-1887:—
Good English hay, .
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first cost in the market, and on the value of the fertilizing
constituents left in the mauurial matter after it has served
for food. The market value and actual feeding effect of one
and the same article do not necessarily correspond with each
other ; in fact, they rarely coincide. The market value may
be stated for each locality by one definite number. The
feeding effect of one and the same substance, simple or com-
pound, varies under different circumstances, and depends in
a controlling degree on its judicial use in compounding diets.
1. Physiological or Feeding Value.
As no single plant or part of plant has been found to sup-
ply economically and efficiently, to any considerable extent,
the wants of our various kinds of farm stock, it becomes a
matter of first importance to learn how to supplement our
leading farm crops to meet the divers wants of each kind.
To secure the highest feeding value of each article of fodder
is most desirable in the interest of good economy. The
judicious selection of ingredients for a suitable and remu-
nerative diet for our dairy stock obliges us, therefore, to
study the value of fodder articles at our disposal from both
standpoints.
To ascertain the chemical composition of a fodder ration,
in connection with an otherwise carefully managed feeding
experiment, enables us to recognize with more certainty the
causes of the varying feeding effects of one and the same
fodder article, when fed in different combinations. It fur-
nishes also a most valuable guide in the selection of suitable
commercial feed stuffs from known sources to supplement
economically our home-raised fodder crops. Practical ex-
perience in feeding stock has so far advanced that it seems
to need no further argument to accept it as a matter of fact
that the efficiency of a fodder ration in the dairy does not
depend, aside from its general or special adaptation, on the
mere presence of more or less of certain prominent fodder
articles, but on the presence of a proper quantity atid a cer-
tain relative proportion of certain prominent constituents of
plants which are known to be essentia] for a successful sup-
port of life and of the special functions of the dairy cow.
Investigations into the relations which the various promi-
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nent constituents of plants bear to the support of animal
life have rendered it advisable to classify them, in this
connection, into three groups, — mineral constituents, and
nitrogrenous and non-nitrosjenous organic constituents. For
details regarding this matter, I have to refer to previous pub-
lications of the Station. (See Fourth Annual Report, pages
31-37.)
Numerous and extensive practical feeding experiments
with most of our prominent fodder articles in various
conditions, and with all kinds of farm live stock, have
introduced the practice of reporting, in connection with the
analysis of the chemist, also the result of careful feed-
ing experiments as far as the various fodder articles have
proved digestible, and were thus qualified for the support of
the life and the functions of the particular kind of animal
on trial. In stating the amount of the digestible portion of
the fodder consumed in a feeding, experiment, it has proved
useful for comparing different fodder rations, etc., to make
known by a distinct record the relative proportions which has
been noticed to exist between the amount of its digestible,
nitrogenous and non-nitrogenous organic constituents.
This relation is expressed by the name of " nutritive ratio."
An examination of the description of our feeding experi-
ments will show, for instance, that the corn meal fed (1888)
contained one part of digestible nitrogenous to 9.66 parts of
digestible non-nitrogenous organic matter, making the cus-
tomary allowance for the higher physiological value of the
fat as compared with that of starch, sugar, etc. (2.5 times
higher)
.
The " nutritive ratios " of the articles of feed consumed
in 1888 are subsequently stated as follows :—
Corn meal,
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animals and milch cows require a richer food,— i. e., a
closer relation of digestible nitrogenous and non-nitrog-
enous organic constituents in their feed,— to do their best,
than full-grown animals and moderately-worked horses and
oxen. German investigators recommend a combination of
fodder articles, in other respects suitable, which contains
one part of nitrogenous organic constituents to 5.4 parts of
diarestible non-nitrosrenous constituents.
2. Commercial Value or Actual Cost of a Fodder Article.
The composition of the various articles of food used in
farm practice exerts a decided influence on the manurial
value of the animal excretions resultins: from their use in
the diet of difierent kinds of farm live stock. The more
potash, phosphoric acid, and in particular nitrogen, a fodder
ingredient contains, the more valuable will be, under other-
wise corresponding circumstances, the manurial residue left
behind, after it has served its purpose as a constituent of
the food consumed.
As the financial success in most farm managements depends
in a considerable degree on the amount, the character and
the cost of the manurial refuse material secured in connec-
tion with the special farm industry carried on, it needs no
further argument to prove that the relations which exist
between the composition of the fodder, and the value of the
manure resulting, deserve the careful consideration of the
farmer when devising an eflScient and at the same time an
economical diet for his live stock.
The question whether one or the other fodder mixture will
prove ultimately, under otherwise corresponding circum-
stances, the cheapest one, can only be answered intelligently
when both the original cost of the feed consumed and the
value of the manurial residue subsequently obtained are
duly considered.
An examination of the fodder articles used in connection
with our investigations shows, for instance, the following
relation between their first cost and the commercial value of
their fertilizing constituents :—
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(4.) The care bestowed upon collecting and preserving
the entire liquid and solid excretions.
Assuming, for our present purpose, in both instances,
identical conditions, as far as the kind of animal, the mode
of collecting and the care of keeping the manure are con-
cerned, it will be apparent that the relative values of the
two kinds of barn-yard manure stand essentially in a direct
relation to the amount of nitrogen, potash, phosphoric acid,
etc., which was contained in the feed consumed.
The loss of fertilizing constituents contained in the fodder
of milch cows, in consequence of the production of milk,
varies quite naturally more or less in case of different cows,
as well as of one and the same animal at its different stages
of milk production. Whether the whole milk or only the
cream is sold off from the fann deserves here not less
serious consideration.
We have adopted thus far in our calculation a loss of
twenty per cent., which may be considered quite a liberal
allowance in case of a fair average production of milk, and
where the whole milk is sold.
1 886. — From the description of our earlier feeding
experiments with milch cows (see Fourth Annual Report,
page 1 1 ) , it may be observed that the relations of the diges-
tible nitrogenous and non-nitroo;enous oro;anic constituents
in the different combinations of fodder articles which con-
stituted, during the various feeding periods, the daily diet
of the cows, varied on that occasion from 1 : 6.7 to 1 : 10.17.
The closer relation was obtained by feeding, on an average,
daily,—
3^ lbs. of wheat bran, ")
15 lbs. of hay, V- Nutritive ratio, 1 : 6.7.
40 lbs. of Lane's sugar beet, )
and the wider ratio by feeding daily, on an average,—
Z\ lbs. of corn meal, ")
6 lbs. of hay, > Nutritive ratio, 1 : 10.17.
41| lbs. of corn ensilage, )
1887.— As most well-conducted experiments with dairy
cows endorse the use of a diet which has a closer relation
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between its digestible organic nitrogenous and non-nitro-
genous constituents than either one of the above-stated two
fodder rations used by us, it was decided to try fodder
combinations whicli, in consequence of the addition of some
concentrated commercial fodder article, would contain a
larger amount of digestible nitrogenous substances. The
gluten meal was selected for that purpose. The same coarse
fodder articles— English hay, corn ensilage, corn stover
and roots (carrots) — were used in most cases in different
quantities and combinations with equal weights of corn meal,
wheat bran and gluten meal. The relations between the two
above-stated important groups of fodder constituents varied
in the different diets used from 1 : 5 9 to 1 : 7.9. The closer
relation was obtained by feeding daily, on an average,—
3\ lbs. of corn meal, \
S\ lbs. of wheat bran, i
3^ lbs. of gluten meal, > Nutritive ratio, 1 : 5.9.
10 lbs. of hay.
)35 lbs. of carrots,
and the wider ratio by feeding, on an average,—
3^ lbs. of corn meal, '\
31 lbs. of wheat bran, V Nutritive ratio, 1 : 7.9.
25 lbs. of hay, )
The entire feeding experiment (I) was subdivided into
eight distinctly different feeding periods ; the same number
as on the preceding occasion, for the same length of time—
seven months.
The dry corn fodder, the ensilage and the roots were cut
before being offered as feed.
The yield of milk decreased, although at a different rate,
in the case of different animals as time advanced. The
shrinkage in the daily yield of milk amounted, at the end
of the experiment, to from 3.2 quarts to 4.9 quarts in case
of different cows. The gradual decline in the entire milk
record of every cow is only once broken, namely, during
the sixth feeding period, February 7 to February 21, when
the yield of milk shows an increase of from .7 to 1.9 quarts
per day, as compared with that of the preceding period.
This change for the better was noticed when ten pounds of
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hay and thirty-four pounds of carrots were used, under
otherwise corresponding circumstances, as a substitute for
live pounds of hay and twenty-nine pounds of corn ensihige.
The amount of dry vegetable matter contained in the hay
fed with roots and in the hay fed with corn ensilage was
practically the same in both instances. The feed of the
sixth feeding period, containing carrots as an ingredient, is
thus the most nutritive and also the most expensive.
The results of the experiment led us to the following
conclusions :—
The nutritive value of our dry corn fodder (stover) com-
pares well with that of an average quality of English hay
;
the same may be said of good corn ensilage in place of from
one-half to two-thirds of the customary amount of hay.
The nutritive value of our dry corn fodder (stover) and
of a good corn ensilage, taking into consideration pound for
pound of the dry vegetable matter they contain, has proved
in our case fully equal, if not superior, to that of the average
English hay.
The nutritive feeding value of carrots, taking into con-
sideration pound for pound of the dry vegetable matter they
contain, exceeds that of the corn ensilaoje as an ino^redient
of the daily diet, in place of a part (one-half) of the hay
fed. The conclusions thus far stated are in full agreement
with those pointed out in our earlier experiments
The influence of the various diets used on the quality of
the milk seems to depend in a controlling degree on the con-
stitutional characteristics of the animal on trial. The efifect
is not unfrequently in our case the reverse in different
animals depending on the same diet.
The total cost of the feed for the production of milk is
lowest whenever corn fodder or corn ensilage have replaced,
in the wliole or in part, English hay, under otherwise corre-
sponding circumstances.
The net cost of feed consumed for the production of one
quart of milk during the various feeding periods, varies as
widely as from .34 cents to 1.6 cents in case of the same
cow. The net cost of the feed is obtained by deducting
eighty per cent, of the value of the fertilizing constituents
it contains.
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The manurial value of the feed consumed during the entire
feeding experiment, deducting twenty per cent, for the
amount of fertilizing constituents lost in the production of
milk, is, at the current market rates, in every instance, more
than equal to one-third of the original cost of the feed.
To avoid misconstruction regarding the statement of net
cost of milk used in our description, I state once more that
it does not include expenses of labor, housing, interest on
investment, etc., but means merely net cost of feed after
deducting eighty per cent, of its manurial value. (For
details, see Fifth Annual Report, pages 11-34.)
1888. — To verify as far as practicable the above-stated
conclusions, a new series of observations was decided upon.
The course adopted was essentially the same as in the pre-
ceding year. English hay, fodder corn, corn ensilage and
corn stover served as coarse fodder articles ; and corn meal,
corn and cob meal, wheat bran and gluten meal as the sup-
plementary feed stuffs to secure the desired relative propor-
tion of digestible nitrogenous and non-nitrogenous substances
in the daily fodder rations. The repetition of a comparative
test between roots and corn ensilage was left over for another
season, when a larger supply of sugar beets and carrots
would render the trial more decisive. The fodder corn,
corn ensilao^e and corn stover were cut to an even lena^th
(l|-2 inches) before fed. The daily average amount of
fodder corn left behind unconsumed was 5.55 pounds and
that of corn stover and ensilage, 3 pounds.
Six cows, grades, served in the experiment, which was
subdivided into seven feeding periods, extending over a
period of four and one-half months. The same quantity of
corn and cob meal, wheat bran and gluten meal (three and
one-quarter pounds each) was fed daily from the beginning
to the close of the trial. Corn ensilage was fed in different
proportions with one-half or one-fourth of English hay.
Fodder corn and corn stover were fed most of the time by
themselves.
The nutritive value of the different diets used has been
quite close, varying from 1:5 5 to 1:6.1. The adopted
rates of digestibility of the fodder ingredients are those
which have been published of late by E. Wolff. They are
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in most instances the average values of a series of actual
tests, and are for this reason applicable for mere economical
questions. As soon as our home observations shall have
furnished sufficient material to enable us to establish reliable
average values, they will be substituted.
Local Market Value of Feed used in our Calculations.
Corn meal, . . . . $23 00
Corn and cob meal, . . 20 70
Wheat bran, . . . 23 00
Gluten meal, . . . 27 00
English hay, . . . $15 00
Fodder corn, . . . 5 00
Corn ensilage, . . . 2 75
Corn stover, . . , 5 00
An examination of the subsequent tabular statement of
the details of the late experiment cannot fail to show that
the conclusions drawn from our preceding observation in
this direction are in the main fully sustained.
The high nutritive value of fodder corn, good corn ensi-
lage and corn stover, as compared with that of English hay,
counting in all instances pound for pound of dry vegetable
matter, is fully confirmed. The general condition of the
animals on trial, as well as the quality of the milk, point
in that direction.
The daily yield of milk decreased gradually, apparently
at a normal rate, during the progress of the experiment.
The shrinkage in the yield of milk amounted, at the close of
the trial, in the case of different cows of different milking:
periods, to from 1.6 to 4 quarts per day. The weight of the
cows had decreased in three cases, and had increased in
three.
The first cost of feed for the production of one quart of
milk in case of the same cow, is, as a rule, from one-half to
one cent less per quart wherever fodder corn, corn ensilage
or corn stover have replaced in part or in whole the English
hay. The first cost of feed for the production of one quart
of milk differs, for obvious reasons, quite seriously in case
of the same diet as far as different animals are concerned.
This dijfference stands in a direct relation to the daily yield
of milk ; the less the latter, the higher the cost of the feed.
A few results taken from our subsequent records may con-
vey some more definite idea regarding this important cir-
cumstance.
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Fodder rations : Fodder com, 18-19 lbs.
Com and cob meal, 3^ lbs.
Wheat bran, S} lbs.
Gluten meal, 3} lbs.
Daily Yield of
Milk.
First cost of feed, ^fet cost of feed.
Daisy,
Melia,
Eva, .
.50 cts. per qt.
.66 " "
1.39 "
Fodder rations : English hay, 20 lbs.
Com and cob meal, 3\ lbs.
Wheat bran, 3J lbs.
Gluten meal, 3| lbs.
Daily Yield of
Milk.
First cost of feed. Net cost of feed.
Daisy,
Melia,
Eva, .
13.5 qts.
10.9 "
5.6 "
1.97 cts per qt.
2.44 "
4.74 "
1.28 cts. per qt.
1.59 "
3.09 " "
The net cost of feed is obtained by deducting eighty per
cent, of the commercial value of the fertilizing constituents
it contains from its first cost. The manurial value of
the feed consumed during the feeding experiments, after
deducting twenty per cent, for the amount of fertilizing
constituents lost in the production of. milk, is at current
market prices in every instance more than one-third of the
orimnal cost of the feed.o
For further details, consult the following record :—
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Summary of Net Cost of Feed for Each Cow during Succeeding
Periods
30 AGRICULTURAL EXPERIMENT STATION. [Jan.
StBIMART.
May.
Total amount of milk produced during the above records
(87 days), 977.6 qts.
Total cost of feed per quart of milk produced, . . . 1.93 cts.
!Manurial value left behind per quart of mUk produced, . .73 cts.
Net cost per quart of milk produced, 1.20 cts.
Minnie.
Total amount of milk produced during the above records
(87 days), 999.5 qts.
Total cost of feed per quart of milk produced, . . . 1.85 cts.
Manurial value left behind per quart of milk produced, . .70 cts.
Net cost per quart of milk produced, 1.15 cts.
Melia.
Total amount of milk produced during the above records
(87 days), 1,098.3 qts.
Total cost of feed per quart of milk produced, . . 1.70 cts.
Manurial value left behind per quart of milk produced, . .65 cts.
Net cost per quart of milk produced, 1.05 cts.
Eva.
Total amount of milk produced during the above records
(74 days), 460.4 qts.
Total cost of feed per quart of milk produced, . . . 3.42 cts.
INIanurial value left behind per quart of milk produced, . 1.31 cts.
Net cost per quart of milk produced, 2.11 cts.
Lizzie.
Total amount of milk produced during the above records
(87 days), 787.8 qts.
Total cost of feed per quart of milk produced, . . . 2.34 cts.
Manurial value left behind per quart of milk produced, . .90 cts.
Net cost per quart of milk produced, ..... 1.44 cts.
Daisy.
Total amount of milk produced diu-ing the above records
(78 days), 1,265.3 qts.
Total cost of feed per quart of milk produced, . . . 1.36 cts.
Manurial value left behind per quart of milk produced, . .53 cts.
Net cost per quart of milk produced, .83 cts.
1889.] PUBLIC DOCUMENT— No. 33. 31
Mantjrial Value of Feed.
May.
32 AGRICULTUEAL EXPERIMENT STATION. [Jan.
Mantjrial Value of Feed— Concluded.
Eva.
1889.] PUBLIC DOCUMENT— No. 33. 33
Valuation of Essential Fertilizing Constituents contained in the Various
Articles of Fodder used.
Nitrogen, 16.:| cents per pound; phosphoric acid, 6 cents per pound; potassium
oxide, 4:} cents per pound.
[Per cent.]
34 AGRICULTURAL EXPERIMENT STATION. [Jan.
CoBN Meal (Average).
1889.] PUBLIC DOCUMENT— No. 33. 35
Wheat Bran
36 AGRICULTUKAL EXPERIMENT STATION. [Jan.
Hat.
[Experiment Station, 1887.]
1889.] PUBLIC DOCUMENT— No. 33. 37
Corn Ensilage.
[Experiment Station, 1887.]
38 AGRICULTURAL EXPERIMENT STATION. [Jan.
II. Feeding Experiments with Milch Cows : Green
Crops v. English Hay.
The preceding annual report contains a record of feeding
experiments with milch cows, in which some noted green
crops were used in place of English hay.
1887. — A mixed crop of green oats and vetch, of
Southern cow-pea and of serradella, seiwed in that con-
nection.
Five cows were engaged in the trial. Two cows were fed
with a daily fodder ration consisting of corn meal, 3| pounds
(2 quarts) ; wheat bran, 3^ pounds (4 quarts) ; English
hay, 20 to 25 pounds.
The excess of hay left over was weighed back, and sub-
sequently deducted from the original quantity. Three cows
received periodically the above-stated daily rations and
alternately the following : corn meal, d\ pounds ; wheat
bran, 3| pounds ; English hay, 5 pounds ; and as much of
either green vetch and oats, green Southern cow-pea or
green serradella, as the individual animal would consume.
They consumed per day, on an average, from 64 to 65
pounds of green vetch and oats ; of green Southern cow-
peas, 9(5 to 97 pounds ; and in case of green serradella, from
97 to 98 pounds. The feeding of the green crop commenced
in every instance with the beginning of the blooming period.
The feeding of the different green fodders, in place of
three-fourths of the customary daily rations of English hay,
gave, on the whole, very satisfactory results. For details,
we have to refer to the Fifth Annual Report of the Station.
1 888.— The experiment has been repeated with some
modifications during the past season. A mixed crop of
vetch and oats and one of Southern cow-pea were raised for
that purpose. (See record of field C. in this report.)
The quantity of green fodder fed at stated times is some-
what less in pounds than in last year's trial, on account of
the addition of gluten meal to our last year's fodder ration.
The daily green fodder ration consisted of corn meal, 3^
pounds; wheat barn, 3^ pounds; gluten meal, 3| pounds;
English hay, 5 pounds ; and as much of vetch and oats or
cow-pea as the animal would consume, which amounted in
1889.] PUBLIC DOCUMENT— No. 38. 39
the case of green vetch and oats to from 54 to 68 pounds, and
in that of green Southern cow-peas from 70 to 80 pounds.
The nutritive ratio of the green fodder diet was a closer
one than on former occasions, varying from 1 : 4.5 to 1 : 5.5.
The nutritive effect was very satisfactory, for the animals,
without exception, maintained their original weight ; the
yield of milk was in every instance somewhat raised, and
the quality of the milk was equal to the best, as far as one
and the same animal was concerned.
Five cows, grades, were turned to account in the trial.
The net cost of the feed for the production of one quart of
milk was in most instances lower than in case of a whole
English hay ration.
The cost of green fodder is based on that of hay, $15.00
per ton, allowing two tons of hay, with fifteen per cent, of
moisture, as the average produce of English hay per acre.
This mode of valuation has been adopted, as on previous
occasions, on account of the entire absence of market prices,
as far as green vetch, cow-pea and serradella are concerned.
These crops, as a rule, rank higher in the scale of an
agricultural valuation than the meadow grass.
Valuation per Ton of the Articles of Fodder used.
English hay, . . , $15 00
Vetch and oats, . . . 2 75
Cow-pea, . . . . 3 14
Rowen, . . . . 15 00
The following pages contain the details of the experi-
ment :—
Corn meal,
.
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46 AGEICULTURAL EXPERIMENT STATION. [Jan.
Valuation of Essential Fertilizing Constituents contained in the Various
Articles of Fodder used.
Nitrogen, 16^ cents per pound; phosphoric acid, 6 cents; potassium oxide, 4^ cents.
[Per Cent.]
1889.] PUBLIC DOCUMENT— No. 33. 47
Manurial Value of Feed— Concluded.
May.
48 AGRICULTURAL EXPERIMENT STATION. [Jan.
Analyses of Milk.
[Per Cent.]
May.
Julys. July 17. July 24. Aug. 7. Aug. 21. Sept. 4. Sept. 15. Sept. 25.
Water,
Solids,
Fat (in solids).
86.91
13.09
2.44
85.95
14.05
2.85
85.72
14.28
4.04
85.88
14.12
4.40
86.60
13.40
4.28
86.12
13.88
3.79
85.85
14.15
4.54
85.95
14.05
4.29
Minnie.
Water,
Solids,
86.95
1889.] PUBLIC DOCUMENT— Xo. 33. 49
Corn Meal (Average).
50 AGRICULTURAL EXPERIMENT STATION. [Jan.
Gluten Meal (Average).
1889.] PUBLIC DOCUMENT— No. 33. 51
Cow-Pea.
[Experiment Station, 1888.]
52 AGRICULTURAL EXPERIMENT STATION. [Jan.
Experiment Station Farm.
Milk and Creamery Record from Nov. 1, 1887, to Oct. 31, 1888.
1889.] PUBLIC DOCUMENT— No. 33. 53
III. Feeding Experiments avith Pigs : Skim Milk,
Corn Meal, Corn and Cob Meal, Wheat I^ran and
Gluten Meal.
Our annual report for 1887 contains a description of seven
successive feeding experiments with growing pigs, which
were instituted mainly for the purpose of ascertaining the
cost of the feed required for the production of a definite
weight of dressed pork.
In the first and second cases, crcameiy buttermilk and
home-made skim milk with corn meal had furnished the sole
ingredients of the daily diet of the animals on trial ; whilst,
during the five succeeding ones, wheat bran and gluten meal
had been added as fodder constituents. (For details, see
Fifth Annual Report, pages 55 to 83.)
In comparing the final results of the different experiments
from a financial stand-point, adopting in all cases, for obvi-
ous reasons, a corresponding local market value of the
fodder articles used, it was found that feeding skim milk or
creamery buttermilk and corn meal in connection with wheat
bran and gluten meal, as described in the Fifth Annual
Report, experiments III., IV., V., VI., VII., had lessened
the net cost of production of dressed pork.
This reduction appeared, however, to be due in the
majority of experiments (III., IV., V. and VI.,) rather to a
hio-her commercial value of the manurial refuse resulting]:,
than to a higher nutritive effect of the stated change in the
character of the diet. The results obtained in the seventh
experiment alone furnished an exception to this circum-
stance ; for, in this case, the smallest quantity of the total
weight of the dry feed consumed showed not only a high
commercial value of the manurial refuse resulting, but also
the highest nutritive effect. The subsequent reprinted sum-
mary of the seven experiments may serve as a further illus-
tration of the previous discussion.
54 AGRICULTURAL EXPERIMENT STATION. [Jan.
Summary of Experiments.
[Based on the same cost of feed and manurial valuation of feed consumed.]
1889.] PUBLIC DOCUMENT— No. 33. 55
particular diet, as far as net cost of feed is concerned.
Although it must be acknowledged that, even in one and the
same feeding experiment, most likely no two animals would
show strictly corresponding relations in that direction, it
remains not less true that it is a most commendable practice,
in a general farm management, to consider carefully the
relative value of the fertilizing constituents contained in the
various fodder articles which present themselves for our
choice in the compounding of suitable fodder rations. Our
allowance of a loss of thirty per cent, of the essential fertil-
izing constituents contained in the food consumed, in conse-
quence of the development and growth of the animal, is
purposely a liberal one. The adoption of this basis for our
estimate tends to strengthen our conclusion that the raisinor
of pigs for the home market can be made a profitable branch
of farm industry, even with comparatively limited resources.
It has been stated that, during our III., IV., V., VI. and
VII. experiments, the same fodder articles, skim milk, corn
meal, wheat bran and gluten meal, had been used to com-
pound the daily diet ; and that the seventh feeding experi-
ment had yielded the highest profits on the same basis of
selling price. As the daily fodder rations thus in all of these
trials had consisted of the same kind of fodder ingredients,
and as at all periods of the experiments the call for food had
been attended to with care, it became evident that the par-
ticular mode of combining at different times the same fodder
ingredients to make up the daily diet had to be considered
the principal cause of the difference in our results.
To test the correctness of this conclusion it was decided
to constitute a new experiment. The same mode of com-
pounding the daily fodder ration for different periods of
growth, which had been adopted during the seventh experi-
ment, was to be carried out with a new lot of pigs. (See
experiments VIII. and IX. further on.)
The following short abstract, taken from a more detailed
description of the seventh feeding experiment in our last
annual report, cannot fail to assist in a desirable understand-
ing of the question involved :—
Seven animals, crosses between White Chester and Black
Berkshire, served in this experiment (VII.). Their live
56 AGRICULTURAL EXPERIMENT STATION. [Jan.
weights were from twenty-two to twenty-six pounds in case
of different animals. The same fodder articles were used as
in the third, fourth, fifth and sixth experiments ; they were,
however, fed in different proportions. The daily ration of
corn meal was gradually increased during the progress of
the experiment, for the purpose of altering the relative pro-
portion between the nitrogenous and non-nitrogenous matter
in the feed. The relative proportion of one part of digestible
nitrogenous matter to two and nine-tenths parts of digestible
non-nitrogenous matter was changed at stated periods until
it reached 1 : 4.28 ; practically, three feeding periods.
Average op Daily Rations (Experiment VII.)
.
1889.] PUBLIC DOCUMENT— No. 33. 57
Summary of Experiment VIE.
MARK OF PIG.
58 AGRICULTURAL EXPERIMENT STATION. [Jan.
Basis of Valuation of Essential Fertilizing Constittcents contained in
the Various Articles of Fodder used (1887).
1889.] PUBLIC DOCUMENT— No. 33. 59
Average of Daily Eations (Experiment Vin.).
60 AGRICULTURAL EXPERIMENT STATION. [Jan.
Second. The feeding effect of one and the same diet
changes with the advancing growth of the animal on trial.
Third. The power of assimilating food and of convert-
ing it into live weight decreases with the progress in age.
Fourth. It is not good economy to raise pigs for the
meat market to an exceptionally high weight. To go beyond
from 175 to 180 pounds is only advisable when exceptionally
high market prices for dressed pork can be secured.
In addition to what has been said on this particular point
in previous communications, I insert here, in a tabular form,
the estimated cost of feed used for the production of one
pound of live weight during the succeeding stages of growth
of the entire lot of pigs which served in the eighth experi-
ment.
Cost of Feed for the Production of One Pound of Live Weight during the
Different Feeding Periods.
1889.] PUBLIC DOCUMENT— No. 33. 61
[U.]
62 AGRICULTURAL EXPERIMENT STATION. [Jan.
Period I. Cost of feed consumed during period,
22.50 lbs. live weight gained ; cost per lb.,
18.33 lbs. dressed weight gained ; cost per lb.,
Period II. Cost of feed consumed during period,
48.00 lbs. live weight gained ; cost per lb.,
39.11 lbs. dressed weight gained ; cost per lb..
Period m. Cost of feed consumed during period,
37.50 lbs. live weight gained ; cost per lb.,
30.55 lbs. dressed weight gained ; cost per lb.,
Period rV. Cost of feed consumed during period,
65.00 lbs. live weight gained ; cost per lb.,
44.81 lbs. dressed weight gained ; cost per lb..
fO.73
3.24 cts.
3.98 cts.
$1.72
3.58 cts.
4 40 cts.
$1.80
4.80 cts.
5.89 cts.
12.97
5.40 cts.
6.63 cts.
[V-]
1889.] PUBLIC DOCUMENT— No. 33. 63
Cost of Feed consumed during Experiment.
185.25 gals, skim milk, at 1.8 cents per gallon,.... $3.33
50.26 lbs. corn meal at $23.00 per ton, .58
49.85 lbs. wheat bran, at $23.00 per ton, .57
62.27 lbs. gluten meal, at $27.00 per ton, .84
183.27 lbs. corn and cob meal, at $20.70 per ton, . . . 1.91
$7.23
2.49 lbs. dry matter yielded 1 lb. of live weight, and 3.08 lbs. dry matter
yielded 1 lb. of dressed weight.
Cost of feed for production of 1 lb. dressed pork, 5.11 cents.
Period I. Cost of feed consumed during period,
20.00 lbs. live weight gained ; cost per lb., .
16.16 lbs. dressed weight gained ; cost per lb..
Period II. Cost of feed consumed during period,
48.00 lbs. live weight gained ; cost per lb., .
38.79 lbs. dressed weight gained ; cost per lb..
Period in. Cost of feed consumed during period,
41.00 lbs. live weight gained ; cost per lb., .
33.13 lbs. dressed weight gained ; cost per lb.,
Period TV. Cost of feed consumed during period,
66.00 lbs. live weight gained ; cost per lb., .
53.33 lbs. dressed weight gained ; cost per lb.,
$0.73
3.65 cts.
4.52 cts.
$1.72
3.58 cts.
4.43 cts.
$1.82
4.44 cts.
5.49 cts.
12.97
4.50 cts.
5.57 cts.
[W.]
64 AGRICULTURAL EXPERIMENT STATION. [Jan.
Live weight of animal at beginning of experiment,
.
Live weight at time of killing,
Live weight gained dm-ing experiment.
Dressed weight at time of killing, ....
Loss in weight by dressing, ... 36 lbs., or
Dressed weight gained during experiment,
22.50 lbs.
187.00 "
164.50 "
151.00 "
19.25 per cent.
132.83 "
Cost of Feed consumed during Experiment
185.25 gals, skim milk, at 1.8 cents per gallon,
.
50.26 lbs. corn meal, at f23.00 per ton,
49.68 lbs. wheat bran, at $23.00 per ton, .
62.10 lbs. gluten meal at $27.00 per ton, .
182.59 lbs. corn and cob meal at $20.70 per ton.
2.64 lbs. dry matter yielded 1 lb. live weight, and 3.27 lbs. dry matter
yielded 1 lb. dressed weight.
Cost of feed for production of 1 lb. dressed pork, 5.44 cents.
Period I. Cost of feed consumed during period,
21.50 lbs. live weight gained ; cost per lb.
17.36 lbs. dressed weight gained ; cost per lb..
Period II. Cost of feed consmned during period,
52.00 lbs. live weight gained ; cost per lb.,
41.99 lbs. dressed weight gained ; cost per lb..
Period HE. Cost of feed consumed during jieriod,
34.00 lbs. live weight gained ; cost per lb.,
27.45 lbs. dressed weight gained ; cost per lb..
Period IV. Cost of feed consumed during period,
57.00 lbs. live weight gained ; cost per lb.,
46.03 lbs. dressed weight gained ; cost per lb.,
$0.73
3.40 cts.
4.20 cts.
$1.72
3.31 cts.
4.10 cts.
11.80
5.29 cts.
6.56 cts.
$2.97
5.21 cts.
6.45 cts.
[X.]
1889.-] PUBLIC DOCUMENT— No. 33. 65
Total Amount of Feed consumed from Nov. 8 to March 12.
741 qts. skim milk, equal to dry matter, .
60 26 lbs. corn meal, equal to diy matter,
49.85 lbs. wheat bran, equal to dry matter,
62.27 lbs. gluten meal, equal to dry matter,
183.27 lbs. com and cob meal, equal to diy matter.
133.38 lbs.
43.69 "
44.30 "
56.19 "
158.18 "
435.74 lbs.
Live weight of animal at beginning of experiment,
Live weight at time of killing, .
Live weight gained during experiment.
Dressed weight at time of killing.
Loss in weight by dressing.
Dressed weight gained during experiment,
25.00 lbs.
178.50 "
153.50 "
160.00 "
18.50 lbs., or 10.38 per cent.
137.59 lbs.
Cost of Feed consumed during Experiment
185.25 gals, skim milk, at 1.8 cents per gallon,
.
50.26 lbs. com meal, at $23.00 a ton, .
49.85 lbs. wheat bran, at $23.00 per ton, .
62.27 lbs. gluten meal, at $27.00 per ton, .
183.27 lbs. corn and cob meal, at f20.70 per ton.
2.84 lbs. of dry matter yielded 1 lb. of live weight, and 3.17 lbs.
of dry matter yielded 1 lb. of dressed weight.
Cost of feed for production of 1 lb. of dressed pork, 5.33 cts.
$3.33
.58
.57
.84
1.91
$7.23
Period I. Cost of feed consumed during period,
21.00 lbs. live weight gained ; cost per lb.,
18.82 lbs. dressed weight gained ; cost per lb.,
Period II. Cost of feed consumed during period,
47.00 lbs. live weight gained ; cost per lb.,
42.12 lbs. dressed weight gained ; cost per lb..
Period HI. Cost of feed consumed during period,
35.00 lbs. live weight gained ; cost per lb.,
31.37 lbs. dressed weight gained ; cost per lb..
Period IV. Cost of feed consumed during period,
50.50 lbs. live weight gained ; cost per lb.,
45.26 lbs. dressed weight gained ; cost per lb..
$0.73
3.48 cts.
3.88 cts.
$1.72
3.66 cts.
4.08 cts.
$1.82
5.20 cts.
5.80 cts.
$2.97
5.88 cts.
6.56 cts.
66 AGRICULTURAL EXPERIMENT STATION. [Jan.
[Y.]
PERIODS.
1889.] PUBLIC DOCUMENT— No. 33. 67
Period I. Cost of feed consumed during period, . . f0.73
21.00 lbs. live weight gained ; cost per lb., . 3.48 cts.
17.83 lbs. dressed weight gained ; cost per lb., . 4.09 cts.
Period II. Cost of feed consumed during period, . . $1.72
47.50 lbs. live weight gained ; cost per lb., . 3.62 cts.
39.39 lbs. dressed weight gained
; cost per lb., , 4.37 cts.
Period m. Cost of feed consumed during period, . . $1.82
39.50 lbs. live weight gained ; cost per lb., . 4.61 cts.
32.75 lbs. dressed weight gained ; cost per lb., . 5.56 cts.
Period IV. Cost of feed consumed during period, . . $2.97
48.50 lbs. live weight gained; cost per lb., .
.
6.12 cts.
40.22 lbs. dressed weight gained ; cost per lb., . 7.38 cts.
[Z.]
68 AGRICULTURAL EXPERIMENT STATION. [Jan.
Cost of Feed consumed during Experiment.
185.25- gals, skim milk, at 1.8 cents per gallon, . . . $3.33
50.26 lbs. corn meal, at $23.00 per ton, ,58
49.85 lbs. wheat bran, at $23.00 per ton, .57
62.27 lbs. gluten meal, at f27.00 per ton, .84
183.27 lbs. corn and cob meal, at $20.70 per ton, . . . 1.91
f7.28
2.81 lbs. of dry matter yielded 1 lb. live weight, and 3.46 lbs.
of dry matter yielded 1 lb. dressed weight.
Cost of feed for production of 1 lb. of dressed pork, 5.74 cts.
Period I. Cost of food consumed during period, . . $0.73
22.50 lbs. live weight gained ; cost per lb., . 3.24 cts.
18.29 lbs. dressed weight gained ; cost per lb., . 3.99 cts.
Period II. Cost of feed consumed during period, . . $1.72
45.00 lbs. live weight gained ; cost per lb., . 3.82 cts.
36.58 lbs. di'essed weight gained ; cost per lb., . 4.70 cts.
Period ni. Cost of feed consumed during period, . . $1.82
35.50 lbs. live weight gained ; cost per lb.,
.
. 5.13 cts.
28.86 lbs. dressed weight gained ; cost per lb., . 6.31 cts.
Period IV. Cost of feed consumed dm'ing jjcriod, . . $2.97
52.00 lbs. live weight gained; cost per lb., . 5.71 cts.
42.28 lbs. dressed weight gained ; cost per lb., . 7.02 cts.
Summary of Experiment VIII.
1889.] PUBLIC DOCUMENT— No. 33. 69
Manurial Value of Feed consumed during Experiment.
Skim milk, $8.85
Corn meal, 1.09
Wheat bran, 1.99
Gluten meal, 2.88
Com and cob meal, 3.33
i.U
Manurial value of feed for production of 1 lb. of dressed pork, 2.27 cts.
Basis of Valuation of Essential Fertilizing Constituents in the Various
Articles of Fodder used (1888).
Corn
Meal.
Skim
Milk.
Wheat
Bran.
Gluten
Meal.
Corn
and Cob
Meal.
Moisture,
Nitrogen (16| cents per lb.), .
Phosphoric acid (6 cents per lb.),
Potassium oxide (4^ cents per lb.).
Valuation per 2,000 lbs., .
13.08
1.80
.74
.43
$7.20
91.00
.47
.22
.21
$1.99
11.14
2.78
1.86
1.07
$12.35
9.77
4.57
.30
.03
$15.46
13.69
1.45
.69
.55
f6.06
The net cost of feed consumed for the production of one
pound of dressed pork, making a deduction of thirty per
cent, of the fertilizing constituents contained in the feed,
varies in the case of different animals from 3.52 cents to
4.00 cents per pound. In the case of the entire lot of pigs,
it amounts to 3.83 cents per pound. As we sold our dressed
pork at 7| cents per pound, we secured 3.92 cents per pound
sold for investment, labor and profit.
It will be noticed that our estimates above are based on
the ruling local market prices of the time when our late
experiments were carried on. These prices differ from those
adopted on earlier occasions. An intelligent comparison of
our late financial results with those obtained in previous ex-
periments can only be made by using corresponding values.
The subsequent page contains a re-valuation of our late
results, on the basis of market value used in all previous
feeding experiments.
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SUMMAKY OF EXPERIMENT BASED ON THE SaME COST OF FeED AND
OF Manorial Value of Feed consumed as used in Preceding
Experiments.
Total Cost of Feed consumed during Experiment.
1111.50 gals, skim milk, at 1.8 cents per gallon,
301.56 lbs. corn meal, at $24.00 per ton,
298.76 lbs. wheat br&n, at $22.50 per ton, .
373.28 lbs. gluten meal, at $22.50 per ton, .
1098.26 lbs. corn and cob meal, at $20.70 per ton,
$20.01
3.62
3.36
4.20
11.42
12.61
Average cost of feed for production of 1 lb. dressed pork, 5.32 cts.
Manurial Value of Feed consumed during Experiment.
Skim milk, $10.00
Corn meal, 1.20
Wheat bran, 2.02
Gluten meal, 3.26
Corn and cob meal, 3.33
$19.81
Manurial value of feed for production of 1 lb. dressed pork, 2.48 cts.
The net cost of feed for the production of one pound of
dressed pork, taking the entire lot of pigs into consideration,
amounts to 3.69 cents. This result is the second best in
our whole series of experiments. This fact becomes more
significant when it is duly considered that the experiment
(VIII.) was carried out during the winter season. The
task of maintaining a desirable moderate temperature in the
piggery during the entire trial becomes more difficult in
winter than during any other season of the year. Low
temperature requires more food for the support of respira-
tion ; the normal condition of the animal system is apt to be
more seriously affected in various directions, and the gain in
live weight suffers usually correspondingly in case of the
same diet.
To confirm, if possible, our previously advanced conclu-
sions still more, it was decided to repeat our mode of feed-
ing with another lot of pigs during the latter part of spring
and the summer season. An examination of our ninth
experiment, which is described in a few subsequent pages,
cannot fail to show that they are fully sustained.
1889.] PUBLIC DOCUMENT— No. 33. 71
Analyses of Fodder Articles used in Experiment VIII.
Skim Milk (Average).
Per Cent.
Moisture at 100° C, . . . , 91.00
Dry matter, 9.00
100.00
Analysis of Dry Matter.
Crude ash, 6.67
« fat
*
2.78
" protein (nitrogenous matter), 34.00
Non-nitrogenous extract matter, 56.55
100.00
Nutritive ratio, 1 : 1.86.
Corn Meal (Average).
72 AGRICULTURAL EXPERIMENT STATION. [Jan.
Wheat Bkak (Average).
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Corn and Cob Meal.
Per cent.
Moisture at 100° C 13.69
Dry matter, 86.31
100.00
Analysis ofDry Matter.
Crude ash, 1.68
" cellulose, 7.75
" fat, : 3.67
" protein (nitrogenous matter), • . 9.13
Non-nitrogenous extract matter, 77.77
100.00
Nutritive ratio, 1 : 8.8.
Ninth Experiment.
Six pigs of a mixed breed, weighing from seventeen to
twenty-two pounds each, served in the experiment. The
feeding began April 12, and closed August 8. The live
weights of the animals at the time of killing varied from 185
to 203.5 pounds. Skim milk, corn meal, gluten meal and
wheat bran furnished the ingredients of the diet. The mode
of feeding was practically divided into three periods, with
reference to the nutritive character of the feed, as fol-
lows :—
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AVEBAGE OF DaILT KATIONS (EXPERIMENT IX.).
1889.] PUBLIC DOCUMENT— No. 33. 75
Live weight of animal at beginning of experiment, . . 21.50 lbs.
Live weight of animal at time of killing, .... 200.75 "
Live weight gained dm'ing experiment, .... 179.25 "
Dressed weight at time of killing, 162.00 "
Loss in weight by dressing, . . . 38.75 lbs., or 19.3 per cent.
Dressed weight gained dm'ing experiment, . . . 144.65 lbs.
Cost of Feed consumed during Experiment.
109.97 lbs. corn meal, at $23.00 per ton, .
268.75 gals, skim milk, at 1.8 cents per gallon,
.
118.69 lbs. corn and cob meal, at $20.70 per ton,
53.65 lbs. wheat bran, at $23.00 per ton, .
70.38 lbs. gluten meal, at $27.00 per ton, .
2.40 lbs. of dry matter fed yielded 1 lb. of live weight, and
2.97 lbs. of dry matter yielded 1 lb. of dressed weight.
Cost of feed for production of 1 lb. of dressed pork, 4.83 cents.
$1 26
3 04
1 23
62
84
$6 99
[2.]
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Cost of Feed consumed during Experiment.
189.97 lbs. corn meal, at $23.00 per ton, .
168.75 gals, skim milk, at 1.8 cents per gallon, .
117.66 lbs. com and cob meal, at $20.70 per ton,
63.38 lbs. wheat bran, at $23.00 per ton, .
69.32 lbs. gluten meal, at $24.00 per ton, .
2.58 lbs. dry matter fed yielded 1 lb. of live weight, and 3.17
lbs. of dry matter yielded 1 lb. of dressed weight.
Cost of feed for production of 1 lb. of dressed pork, 5.13 cents.
|1 26
3 Oi
1 22
61
83
$6 96
[3.]
1889.] PUBLIC DOCUMENT— No. 33. 77
Cost of Feed consumed during Experiment
109.97 lbs. corn meal, at $23.00 per ton, .
168.75 gals, skim milk, at 1.8 cents jjcr gallon, .
118.69 lbs. corn and cob meal, at f20.70 per ton,
63.65 lbs. wheat bran, at $23.00 per ton, .
70.38 lbs. gluten meal, at $24.00 per ton, .
$1 26
3 04
1 23
62
84
2.42 lbs. of dry matter fed yielded 1 lb. of live weight, and
3.00 lbs of dry matter yielded 1 lb. of dressed weight.
Cost of feed for production of 1 lb. of dressed pork, 4.86 cents.
$6 99
[4.]
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Cost of Feed consumed during Experiment
109.97 lbs. corn meal, at $23 00 per ton, .
168.75 gals, skim milk, at 1.8 cents per gallon,
.
118.69 lbs. corn and cob meal, at $20.70 per ton,
53.65 lbs. wheat bran, at $23.00 per ton, .
70.38 lbs. gluten meal, at $24.00 per ton, .
2.50 lbs. diy matter fed yielded 1 lb. of live weight, and 3.06
lbs. of dry matter yielded 1 lb. of dressed weight.
Cost of feed for production of 1 lb. of dressed pork, 4.98 cents.
fl 26
3 04
1 23
62
84
$6 99
[5.]
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Cost of Feed consumed during Experiment
109.97 lbs. corn meal, at $23.00 per ton, .
168.75 gals, skim milk, at 1.8 cents per gallon,
.
118.69 lbs. corn and cob meal, at .?20.70 per ton,
53.65 lbs. wheat bran, at $23.00 per ton, .
70.38 lbs. gluten meal, at $24.00 per ton, .
fl 26
3 04
1 23
62
84
f6 99
2.49 lbs. of dry matter fed yielded 1 lb. of live weight, and
3.07 lbs. of dry matter yielded 1 lb. of dressed weight.
Cost of feed for production of 1 lb. of dressed pork, 4.97 cents.
[6.]
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Cost of Feed consumed during Experiment
109.97 lbs. corn meal, at $23.00 per ton, .
168.75 gals, skim milk, at 1.8 cents per gallon,
118.69 lbs. corn and cob meal, at $20.70 per ton
53.65 lbs. wheat bran, at $23.00 per ton, .
70.38 lbs. gluten meal, at $24.00 per ton, .
2.32 lbs. of dry matter fed yielded 1 lb. of live weight, and
2.81 lbs. of dry matter yielded 1 lb. of dressed weight.
Cost of feed for production of 1 lb. of dressed pork, 4.56
cents.
fl 26
3 04
1 23
62
84
$6 99
Summary of Experiment IX.
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Summary of Experiments (II. to IX. inclusive).
[Based on the same cost of feed and manurial valuation of feed consumed.]
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Analyses of Fodder Articles used in Experiment
CoEN Meal.
IX.
1889.] PUBLIC DOCUIVIENT— No. 33. 83
Gluten Meai.
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AIS^ALYSES OF FODDER ARTICLES.
Corn Fodder (Pride op the North).
Per cent.
Moisture at 100" C 24.87
Dry matter, 75.13
100.00
Analysis of Dry Matter.
Crude ash, 5.14
" cellulose 22.26
" fat, 2.62
" protein (nitrogenous matter) , 8.28
Xon-nitrogenous extract matter, 61.70
100.00
Fertilizing Constituents in Corn Fodder.
Moisture at 100° C, 24.87
Nitrogen (16i cts. per lb.), 995
Phosphoric acid (6 cts. per lb.), .201
Calcium oxide, .310
Magnesimn oxide, .093
Potassium oxide (4^ cts. per lb.), 1.465
Sodium oxide, .794
Ferric oxide, .026
Insoluble matter, 1.318
Valuation per 2,000 lbs., |4 77
Weight of stalk and ear (average), . . . . 8 oz.
" stalk (average), 3 oz.
" ear (average), 5 oz.
The above material was cut when the kernels began to
glaze. Part of the crop was put into a silo. Both products
have been used of late in our feeding experiments with milch
cows.
Corn Cob (Pride of the North).
[Experiment Station, 1887.]
Per cent.
Moisture at 100° C. 24.76
Dry matter, 75.24
100.00
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Analysis of Dry Matter.
Crude ash,
" cellulose, ....
" fat,
" protein (nitrogenous matter),
Non-nitrogenous extract matter.
Fertilizing Constituents in Corn Cob.
Moisture at 100° C, .
Nitrogen (16^ cts. per lb.),
Phosphoric acid (6 cts. per lb.).
Calcium oxide,
Magnesium oxide.
Potassium oxide (4:\ cts. per lb.).
Sodium oxide,
Ferric oxide.
Insoluble matter, . . .
Valuation per 2,000 lbs., .
Corn and Cob Meal (Prlde of the North).
[Experiment Station, 1887.]
Per cent.
1.75
33.77
.53
3.00
60.95
100.00
24.76
.36
.069
.005
.008
.512
.265
.006
.267
$1 71
Passed sieve, 144 meshes to square inch. 75.36 73 85
Moisture at 100° C,
Dry matter, .
26.34
73.66
13.69
86.31
Analysis of Dry Matter.
Crude ash,
" cellulose, ....
" fat,
" protein (nitrogenous matter)
,
Non-nitrogenous extract matter, .
100.00
1.64
6.31
3 36
7.82
80.87
100.00
1.68
7.75
3.67
9.13
77.77
100.00 100.00
Fertilizing Constituents in Corn and Cob Meal. vn cent.
Moisture at 100° C, 26.34
Nitrogen (16| cts. per lb.), 1.24
Phosphoric acid (6 cts. per lb.), .587
Calcium oxide, .095
Magnesium oxide, .131
Potassium oxide (4 J cts. per lb.), .468
Sodium oxide, .200
Ferric oxide, .004
Insoluble matter, .130
Valuation per 2,000 lbs., $5 19
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Corn Ensilage.
[Sent on from Marblehead, Mass.]
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Corn Meal.
[Amherst Mill.]
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Fertilizing Constituents in Wheat Bran.
I*er cent.
Moisture at 100° C, 9.43
Phosphoric acid (6 cts. per lb.), 2.67
Magnesium oxide,
.83
Calcium oxide, .18
Potassium oxide (4^ cts. per lb.), 1.51
Sodium oxide,
.15
Nitrogen (16| cts. per lb.), 2.43
Insoluble matter, .24
Valuation per 2,000 lbs., $12 60
Wheat Bran.
[Amherst Mill.]
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Wheat Bran.
[Amherst Mills.]
67.50 per cent, passed screen 144 mesh to square inch.
90 AGRICULTURAL EXPERIMENT STATION. [Jan.
Gluten Meal.
[Bought at Springfield, Mass.]
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Provender.
[From Amherst Mill.]
Per cent.
Moisture at 100° C,
,
9.40
Dry matter, 90.60
100.00
Analysis of Dry Matter.
Crude ash, 3.42
" cellulose, 11.52
" fat, 5.76
" protein (nitrogenous matter) , 14.35
Non-nitrogenous extract matter, 64.95
Nutritive ratio, 1 : 7.56.
100.00
This article is, according to statement, a mixture of 450
pounds of corn, 125 pounds of oats, and 100 pounds of
wheat bran.
Ground Oat Feed.
[Sent on from Salem, Mass.]
Per cent.
Moisture at 100° C, 8.92
Dry matter, 91.08
100.00
Analysis of Dry Matter.
Crude ash, 3.52
" cellulose, 8.78
" fat, 8.34
" protein (nitrogenous matter), 18.66
Non-nitrogenous extract matter, 60.69
100.00
The article is evidently a compound containing admixtures
which are richer in nitrogenous matter and fat than oats.
A mere analysis of a compound commercial fodder article is
only of interest to the practical farmer when the amount and
kind of ingredients which serve in its preparation are well
known. It is not safe, as a rule, to invest to any extent in
a compound commercial fodder article without feeling well
satisfied concerning the character of its various ingredients.
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Spent Brewer's Grain.
72.63 per cent, passed through mesh 144 to square inch.
Moisture at 100° C,
Dry matter,
Analysis of Dry Matter.
Crude ash,
" cellulose,
" fat,
" protein (nitrogenous matter),
.
Non-nitrogenous extract matter.
Per cent.
6.98
93.02
100.00
6.15
15.90
1.95
20.49
55.51
100.00
Fertilizing Constituents of Spent Brewer''s Grain.
Moisture at 100° C,
Nitrogen (16 J- cts. per lb.),
Phosphoric acid (6 cts. per lb.),
Potassiiun oxide (4^ cts. per lb.) ,
Calcium oxide,
Magnesium oxide,
Sodium oxide,
Ferric oxide,
Insoluble matter,
Valuation per 2,000 lbs.,
6.98
3.05
1.26
1.552
.296
.286
.347
.159
1.770
The material is of a fair quality as far as composition is
concerned.
Cotton Hulls.
[I. and II. sent on from Boston, Mass.]
Moisture at 100" C, .
Dry matter,
Analysis of Dry Matter.
Crude ash,
" cellulose, ....
" fat,
" protein (nitrogenous matter).
Non-nitrogenous extract matter, .
10.17
89.83
11.45
88.85
100.00
2.75
51.40
2.36
4.90
38.59
100.00
100.00
3.38
40.24
4.27
5.36
46.75
100.00
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Fertilizing Constituents of Cotton Bulls.
[I. and II. sent on from Boston (same as abOTC) ; III. sent on from Memphis, Tenn.]
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II. Field B. Fodder Crops raised with and without Com-
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III. P'ield C. Experiments with Fodder Crops for Green
Fodder.
IV. Experiments with Potatoes ; and Paper on Potato Scab,
BY Prof. James E. Humphrey.
V. Experiments with Root Crops.
VI. Notes on Miscellaneous Field Work.
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FIELD EXPERIMENTS.
[Field A.]
I. Fodder Corn raised upon Worn-out Meadow Lands
PARTLY fertilized WITH OnE OR TwO SPECIAL ARTICLES
OF Plant Food, partly without the Use of any
Manurial Matter.
The observations recorded below extend already over a
period of five years.* The field selected for the experi-
ment was utilized for a series of years previous to 1882 as a
meadow for the production of hay. The annual yield of that
crop had suffered at that time a serious decline in quantity
and quality. During the spring of 1883 it was planted with
corn for the production of fodder corn, without the use of
any manurial matter.
The same course of planting and of general treatment was
carried out during the year 1884. The corn fodder raised
in that year left no doubt about the serious exhaustion of
the soil, as far as its fitness for a further successful cultiva-
tion of corn fodder was concerned, for the entire yield of
that crop amounted only to 5,040 pounds per acre, with a
moisture of thirty per cent. The soil had evidently reached
a condition which promised to prove favorable for a special
investigation, as far as the extent and the particular charac-
ter of its exhaustion on plant food was concerned, whether
the failure of the crop was due to a general exhaustion of
* For details, see preceding reports, 1883, 1884, 1885, 1886, 1887.
[97]
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essential articles of plant food, or to that of any particular
one of them.
As the cultivation of grasses and fodder corn aifects the
manurial resources of the soil in a similar direction, by
abstracting approximately one part of phosphoric acid to
four parts of potash, it seemed but natural that a soil which
originally did not contain much more of available potash
than of available phosphoric acid must become unproductive,
as far as these crops are concerned, before the latter is
exhausted. It is not less evident that a system of manuring,
devised with reference to this circumstance alone, can pre-
vent an early decline of remunerative crops in the majority
of cases.
The recognized importance of both— grasses and fodder
corn — in our present system of general farm management
has served as the principal inducement to begin our field
experiments at the Experiment Station with a practical illus-
tration of the particular serious changes which a close rota-
tion of these crops produces in the existing soil resources of
plant food, wherever the adopted system of manuring does
not provide for a periodical return of fertilizing substances,
with reference to the kind and to the amount of each of them
carried off ))y the crop.
The land set apart for the experiment consists of ten
adjoining plats, one-tenth of an acre each in size. The plats
are five feet apart ; the grounds between them are kept free
from any growth, and receive no fertilizing ingredients of
any description. The entire field is surrounded by a tile
drain, and each plat has a separate one through its centre.
This terminates at its east end in a well, which is connected
with the surroundino: drain.
The systematic treatment of the various plats began in
May, 1885. All were ploughed, year after year, at the
same time and in the same manner,— in autumn after har-
vesting and in spring before manuring and planting. Plats
1, 3, 5, 7, 9 and 10 received annually for three succeeding
years, 1885, 1886 and 1887, an addition of a definite amount
of either phosphoric acid or of a nitrogen compound or of a
potash compound ; while plats 2, 4, 6 and 8 received no
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manurial matter during that period. All, except plat 6,
were planted during the above-stated three succeeding years
with the same variety of corn (Clark). Plat 6 received
during that time no fertilizing material ; it was ploughed and
worked with the cultivator in the same manner and at the
same time when the other plats were thus treated ; it was
kept clear, as far as practicable, from every kind of vegeta-
ble growth (black fallow).
The details of the work and of the annual results of the
course pursued in the management of the experiment have
been described in the preceding annual report. The subse-
quent summary may suffice here to record the principal facts
brought out before the beginning of the present year (1888)
.
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A careful study of these results shows that neither phos-
phoric acid nor any form of nitrogen, when applied each by
itself, even in exceptionally large proportions, has produced
a material change in the annual yield, as compared with that
obtained on unfertilized plats. The application of potash
compounds alone shows in every instance a decided increase
in the crop. The annual yield was increased by its use
during the first two years to twice the amount of that pre-
vious to its special application.
1 888.— The original plan of the experiment has not been
altered materially during the past season. The principal
aim of our investigation has been the same as during the
three preceding years ; namely, to study the direction and
the degree of exhaustion on plant food of field " A " during
the progress of our investigation.
The results of the past season (1888) confirm the conclu-
sion presented in our previous annual report, 1887. An
exceptional deficiency of the soil on available potash, pro-
duced by continued close rotation of grasses and corn
fodder, without any substantial provision for an exception-
ally large consumption of potash, proves still the first cause
of a reduced annual yield of corn fodder.
The exhaustion on available plant food assumes, however,
as might be expected, a more general character as years
pass on. This fact shows itself plainly in a gradual falling
ofi" of the annual yield on plat 9, where a liberal amount of
potash as the sole fertilizing material exerted in preceding
years a marked beneficial influence on the annual yield. The
same circumstance causes evidently the lower yield upon
those plats (1 and 7) which received a liberal manuring with
potash compounds two years later, and, after a repeated
application of each, phosphoric acid or nitrogen had failed
to improve the annual yield.
A manuring for three successive years with potash alone
has sufficed in our case to terminate its beneficial efiect on
the natural productiveness of the soil, as far as the corn
crop is concerned. More complete manures are required to
restore a desirable degree of fertility of the soil.
The result obtained on plat 6 deserves a particular notice.
This plat had been used, in common with the entire area
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occupied by our experiment, for two years in succession,
—
1883 and 1884, — for the production of fodder corn without
the use of any manurial matter. The degree of exhaustion
of the entire field was very marked and practically uniform.
During the spring of 1885, when all other plats were planted
with the same variety of corn, plat 6 was ploughed and
harrowed like the remainder, but not planted with corn ; it
was assigned to the task of ascertaining the effects of ' ' black
fallow " on the soil under treatment. It seemed of interest,
in connection with, our inquiry, to illustrate the influence of
mere atmospheric agencies on the future productiveness of
our field. For this purpose, during the years 1885, 1886
and 1887, the plat was ploughed, harrowed and treated with
the cultivator in the same manner and at the same time as
the remaining plats. During that entire period no manurial
matter of any description was applied. The appearance of
every description of vegetation was, as far as practicable,
prevented by a timely use of the cultivator.
At the beginning of the past season, after having pro-
duced no crop for three succeeding years, it was prepared
in the same way and at the same time as the other plats for
the planting of one and the same variety of corn. No
manurial matter was on that occasion applied to plat 6.
The date of planting the corn, and the subsequent treatment
of the crop to the time of harvesting, was the same in all
cases. The yield of fodder corn upon plat 6 was the third
lowest in the scale including all plats; i. e., 1,930 pounds
per acre . It was also the poorest-looking crop upon field
"A" during the larger portion of the season. The result
shows, in a very striking manner, that the growing of
plants does materially assist in rendering available the
inherent mineral plant food of the soil. The growth ot
three years, although in our case exceptionally small, was
lost to us. Our observation in this connection confirms the
results of more recent careful investigations into older
systems of agricultural practice. Black fallow, as a rule,
does not materially benefit the productiveness of an ex-
hausted soil, and ought to be discouraged, therefore, from a
mere financial point, at present rates of rent.
The subsequent more detailed description of the field
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work carried on during the past season, as well as the
conditions of the crop at different stages of growth, upon
different plats into which field "A" has been subdivided,
will enable all parties interested in the experiment to draw
their own conclusions reo;ardinof its teachings.
The entire field was ploughed twice, as in previous years,
—
in autumn, a short time after harvesting the crop, and early
in the succeeding spring. The fertilizing materials, single
or compound, wherever used, were applied broadcast, and
slightly harrowed under some time before planting.
Hat 1. Received 50 pounds of muriate of potash (25 pounds of
potassium oxide)
.
Plat 2. 50 pounds of nitrate of soda (7-8 pounds of nitrogen)
.
Plat 3. 100 pounds of dissolved bone-black (16-17 poimds of soluble
phosphoric acid).
Plat 4. Nothing.
97 pounds of magnesia sulphate.
Nothing.
50 pounds of muriate of potash (25 pounds of potassium
50 pounds of sulphate of ammonia (10 pounds of nitrogen).
50 pounds of muriate of potash (25 pounds of potassium
97 pounds of sulphate of potash and magnesia (25 pounds
of potassium oxide) ; 100 pounds of dissolved bone-black (16-17 pounds
of soluble phosphoric acid)
.
The corn (Clark) was planted in drills. May 29. The
rows were three feet and three inches apart, and the kernels
were dropped in the rows from twelve to fourteen inches
apart, with six to eight seeds in a place. The entire field
was subsequently kept clean from weeds by a frequent use
of the cultivator or the hoe, as circumstances advised.
The young plants appeared above ground quite uniformly,
June 5. They soon showed, however, marked differences
in regard to the rate of growth upon different plats, and
presented, as the season advanced, more or less striking
diflerences in their general appearance.
Plat
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Height of Corn on Plats, in inches (1888).
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EXPERIMENTS WITH CORN FODDER. Field A. Plat i.
(One-tenth of an acre.)
i8S6. 50 lbs. Sodium Nitrate ( =7 to S lbs. nitrogen).
Yield of Dry Corn Fodder. 430 lbs.
* Mi- -»• ^^^.j)
50 ihN. ^loUuini ?silr;tte ( = 7 to ii His. _^iti-ogenj and 50 lbs.
Muriate of Potash ( =25 lbs. potassium oxide).
Yield of Dry Corn Fodder, 720 lbs.
1888. 50 lbs. Muriate of Potash ( =25 lbs. Potassium Oxide).
Yield of Dry Corn Fodder, 617 lbs.
I ^"'.vr/NC Co.. S7ATE fifllftJ£K£,

EXPERIMENTS WITH CORN FODDER. Field A. Plat 2.
No Fertilizer.
Yield of Drv Corn Plodder, 250 lbs.
^^.
1887.
'^""mi^^m^'UM
No Fertilizer.
Yield of Dry Corn Fodder. 165 lbs.
CO-. STA'i PbiNJ£I^%
t88S. 50 Ib.s. Sodium Nitrate (^= 7 to 8 lbs Nitrogen).
Yield of Dry Corn Fodder. 303 lbs.

EXPERIMENTS WITH CORN FODDER. Field A.
A field with complete manure, consisting of Barn-yard manure
and potash Salts.
Yield of Dry Corn Fodder, 2800 lbs.
Plat t). 1888. Was kept free from any vegetation from 1885 to 1S88;
and planted in 1888 with corn without receiving any manurial matter.
Yield of Dry Corn Fodder, 193 lbs.
tV/tiSKr A Ponm finmrmc Co. Sr/iri fniK

EXPERIMENTS WITH CORN FODDER, Field A, Pi.at 7.
1886. 100 lbs. Dissolved Bone-black (= 17 lbs. available phosphoric
acid). Yield of Dry Corn Fodder. 215^ lbs.
v. 1^'^.
1887. 'oo lbs. Dissolved Bone-black ( = 17 lbs. ;ivuilable phosphoric
acid) and 50 lbs. Muriate of Potash ( = 25 lbs. Potassiuin Oxide).
Yield of Dry Corn Fodder. 730 lbs.
188S. 50 lb«. Muriate of Potash ( = 25 lbs. of Potas.'.ium Oxide).
Yield of Drs- Corn Fodder. 676 Ib.s.

EXPERIMENTS WITH CORN PX3DDi::R. Field A. Pi.at 9.
1886. 50 lbs. Muriate of Potash < = 25 lbs. Potassium Oxidt- ).
Yield of Dry Corn Fodder. 840 lbs.
I,.-. :.K.,ia... oi Potash 1,--% 10.. 1.......;.:
Yield of Dry Corn Fodder. 655 lbs.
1888. 50 lbs. Muriate of Potash(= 25 lbs. Potassium Oxide).
Yield of Dry Corn Fodder, 553 lbs.
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ii. influence of fertilizers on the quantity and
Quality of Prominent Fodder Crops.
[Field " B."]
The field assigned to the above-stated inquiry is located
west of field " A," and has been used, like the latter, for
several years previous to the establishment of the Experi-
ment Station, for the production of hay. The land is nearly
on a level, and runs from north to south ; it occupies at the
present time an area of 1.7 acres. The soil consists of a
someAvhat sandy loam. During the spring of 1883 it was
ploughed and prepared for raising corn fodder. This crop
was raised for one year in drills, and without the aid of any
manurial matter. The previous thorough mechanical treat-
ment of the soil, as well as its impoverished condition, was
considered favorable for the contemplated work. In 1884
the entire field was subdivided into eleven plats of equal
size, with five feet of space between them. Every alternate
plat has received from that date annually the same kind and
same amount of fertilizer, — six hundred pounds of ground
bones and two hundred pounds of muriate of potash per
acre. The fertilizer has been applied at an early date each
spring, either broadcast or between the rows, as circum-
stances admitted. It was in each case subsequently slightly
harrowed under. Since 1885, all crops on that field have
been raised in rows ; this system of cultivation became a
necessity in the case of grasses, clovers, etc., to secure a
clean crop for observation. The rows, in the case of corn
and leguminous plants, were three feet and three inches
apart ; and in the case of grasses, two feet. The space
between the different plats measured five feet ; it has received
thus far no manurial substance of any description, and is
kept clean from vegetation by a proper use of the cultivator.
Plats 11, 13, 15, 17, 19 and 21 are fertilized annually;
plats 12, 14, 16, 18 and 20 have received thus far no fer-
tilizer. The single plats are either occupied by one variety
of plants or by two ; in some instances several plats are used
for one and the same crop. Corn and various prominent
varieties of meadow grasses and of leguminous plants have
thus far been selected for observation.
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The details of the work carried on upon field * ' B " are
from year to year recorded in the annual report of the
Station. As the chemical analyses of the crops raised
require considerable time, on account of other contemporary
pressing engagements in the laboratory, they are usually
published in bulletins and the reports of the succeeding
year. These analyses may claim a special interest, as they
are made of a variety of fodder crops, raised, as far as
practicable, under corresponding circumstances with refer-
ence to climate, to soil, to system of manuring, to the
adopted modes of cultivation, of harvesting and of analyz-
ing. In making this statement, I do not mean to imply
that our local conditions of climate and of soil are in every
instance the most favorable ones to enable the various crops
here on trial to attain in all cases the highest possible devel-
opment. This qualification of our results applies with more
or less propriety to some varieties of grasses as well as of
leguminous plants.
The subsequent tabular record of the crops raised upon
the difierent plats of field *'B" since 1884 may assist in a
desirable understanding of its past history and its condition
at the beginning of the season of 1888. The single plats
are, since 1886, each 175 feet long and 33 feet wide.
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1888. — At thfe beginning of the season but few changes
became necessary in the management of the field ; for, plats
13, 14, 17, 18, 19, 20 and 21 being still occupied by a
perennial vegetation, only plats 11, 12, 15 and IG required
particular attention in that direction. It was decided to add
the Kentucky blue-grass {Festuca pratensis) and the Soja
bean {Soja hisj)ida) to our list of prominent crops on trial
upon field " B."
Plats 11 and 12 were seeded down, in drills two feet
apart, with Kentucky blue-grass; and plats 15 and 16 with
Soja beans, in rows three feet and three inches apart, to cor-
respond with tlie rule adopted for grasses and leguminous
plants. In both instances one plat was fertilized in the same
way as heretofore, with fine-ground bones and muriate of
potash (11 and 15), and the other two (12 and 16) received
no fertilizer. The Kentucky blue-grass was seeded down
rather late, May 24, and the Soja beans May 18. The
mechanical condition of the soil was in both cases very sat-
isfoctory for the work.
Those plats which were still occupied by perennial plants,
planted in preceding years, were treated between the rows
at an early date with the cultivator, and subsequently the
weeds and foreign growth in the rows removed with the hoe
and the hand. Plats 13, 17, 19 and 21 received at the same
time their annual supply of manure, consisting of fine-ground
bones and muriate of potash. Plats 14, 16, 18 and 20 re-
ceived none.
As the plats were 175 feet long and 33 feet wide, equal to
an area of 5,775 square feet, each received a mixture of 80
pounds of ground bones and 27 pounds of muriate of potash.
The subsequent enumeration of crops raised upon field
" B," during the years 1887 and 1888, shows the change
made in crops at the beginning of the past season.
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Plat No. 11 (fertilized).
Plat No. 12 (unfertilized)
Plat No. 13 (fertilized),
Plat No. 14 (unfertilized)
Plat No. 15 (fertilized),
Plat No. 16 (unfertilized)
Plat No. 17 (fertilized).
Plat No. 18 (unfertilized)
Plat No. 19 (fertilized),
Plat No. 20 (unfertilized)
Plat No. 21 (fertilized),
Corn (Clark variety).
Corn (Clark variety).
Italian rye-grass {LoUum Italicum).
English rye-grass {Lolium perenne)
.
Italian ryegrass.
English rye-grasB.
Five varieties Southern cow-pea.
Five varieties Southern cow-pea.
Meadow fescue {Fesiuca pratensis)
.
Alsike clover.
Medium red clover.
Alsike clover.
Medium red clover.
Mammoth red clover.
Alfalfa (lucerne).
Mammoth red clover.
Alfalfa (lucerne).
Kentucky blue-grass.
Kentucky blue-grass.
Italian rye grass.
English rye grass.
Italian rye-grass.
English rye-grass.
Soja bean.
Soja bean.
Meadow fescue.
Alsike clover.
Medium red clover.
Alsike clover.
Medium red clover.
Mammoth red clover.
Alfalfa.
( Mammoth red clover.
( Alfalfa.
The general appearance of the plats seeded down in pre-
ceding years with perennial varieties of grasses and of
leguminous plants presented some interesting features at
the opening of the late season. Some crops had suffered
seriously from winter-killing, while others had passed un-
harmed through the winter. Wherever the growth had suf-
fered, the fact showed itself invariably in the most serious
degree upon unfertilized plats.
Perennial rye-grass, plat 14 (unfertilized), was almost
entirely winter-ldlled ; while upon plat 13 (fertilized) a
much less serious effect could be noticed.
Italian rye-grass looked decidedly better preserved in
both instances than the perennial rye-grass.
Meadow fescue, ^XoJt 17 (fertilized), appeared remarkably
vigorous, and retained the lead for the entire season, as far
as the varieties of grasses on trial are concerned.
Alsike clover was seriously winter-killed upon the unfer-
tilized plat 18, while upon the fertilized plat 19 it was very
well preserved.
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Medium red clover appeared in fair condition upon plat 18
(unfertilized), yet fell behind the alsike clover on plat 19
(fertilized)
.
Alfalfa and mammoth clover, on plats 20 and 21, presented
the same features in their growth as was noticed with refer-
ence to alsike clover and medium clover.
The weight of the hay obtained from the first cut of each
kind of crop, when well advanced in blooming, gives a fair
representation of their general character and condition at the
time of harvesting. The yield is in every instance stated
with reference to an entire plat (175x33 feet), in case of
fertilized as well as unfertilized ones.
Grasses.
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As the cultivation in rows is an exceptional one as far as
meadow grasses and clovers are concerned, no attempt has
been made to state their yield per acre. The principal aim
of the experiment on field " B" consists, as has been stated
above, in securing suitable samples of each crop on trial, for
the purpose of ascertaining the influence of stage of growth
and of a different degree of fertility of the soil on their com-
position. Sufficient material has been collected of every
crop stated above, and the results of a chemical analysis of
each will be published from time to time as the work
advances.
The analyses of alfalfa and of alsike clover of the first
year's growth (1887) have been already published in the
annual report for that year ; also analyses of orchard grass,
red-top, meadow fescue and timothy. (See pages 125-132.)
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III. Experiments with Fodder Crops for Green
Fodder.
[Field "C."]
In a discourse on fodder supply for dairy cows, in the pre-
ceding annual report, pages 89, 90, the following statement
was made : —
The practice of raising a greater variety of valuable crops for
green fodder deserves the serious consideration of farmers en-
gaged in the dairy business ; for it secures a liberal supply of
healthy, nutritious fodder, at a time when hay becomes scarce
and costly, and when it would be still a wasteful practice to feed
an imperfectly matured green fodder corn. The frequently
limited area of land fit for a remunerative production of grasses,
and the not less recognized exhausted condition of a large pro-
portion of natural pastures, make it but judicious to consider
seriously the means which promise not only to increase, but also
to cheapen, the products of the dairy.
A liberal introduction of reputed forage crops into farm opera-
tions has everywhere, in various directions, promoted the success
of agricultural industry. The desirability of introducing a greater
variety of fodder plants into our farm management is generally
conceded. In choosing plants for that purpose, it seems advis-
able to select crops which would advantageously supplement our
leading fodder crop (aside from the products of pastures and
meadows) ,— the fodder corn and corn stover.
Taking this view of the question, the great and valuable family
of leguminous plants, as clovers, vetches, lucerne, serradella, peas,
beans, lupines, etc., is, in a particular degree, well qualified for
that purpose. They deserve also a decided recommendation in
the interest of a wider range, for the introduction of economical
systems of rotations, under various conditions of soil, and di^er-
ent requirements of markets. Most of these fodder plants have
an extensive root system, and, for this reason, largely draw their
plant food from the lower portion of the soil. The amount of
stubble and roots they leave behind after the crop has been
harvested is exceptionally large, and decidedly improves both the
physical and chemical condition of the soil. The lands are con-
sequently better fitted for the production of shallow-growing
crops, as grains, etc. Large productions of fodder crops assist in
the economical raising of general farm crops ; although the area
devoted to cultivation is reduced, the total yield of the land is
usually more satisfactory.
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Each farmer ought to make his selection, from among the
various fodder plants, to suit his individual resources and wants ;
yet, adopting this basis as his guide, he ought to make his selec-
tion on the basis that the crop which is capable of producing, for
the same area, the largest quantity of nitrogen containing food
constituents, at the least cost, is, as a rule, the most valuable one
for him.
Our prominent fodder plants may be classified, in regard to the
relative proportion of their nitrogenous organic food constituents
to their non-nitrogenous organic food constituents (nutritive
ratio) , in the following order :—
1. Leguminous plants, clover, vetch, etc., . . 1 : 2.2 to 1 : 4.5
2. Grasses, 1 : 6.0 to 1 : 8.0
3. Green corn, roots and tubers, . . . . 1 : 6.0 to 1 : 15.0
The composition of the various articles of food used in farm
practice exerts a decided influence on the manurial value of the
animal excretions, resulting from their use in the diet of different
kinds of farm live stock. The more potash, phosphoric acid,
and, in particular, nitrogen, a fodder contains, the more valuable
will be, under otherwise corresponding circumstances, the manu-
rial residue left behind, after it has served its purpose as a con-
stituent of the food consumed.
As the financial success in most farm management depends, in
a considerable degree, on the amount, the character and the cost
of the manurial refuse material secured in connection with the
special farm industry carried on, it needs no further argument to
prove that the relations which exist between the composition of
the fodder and the value of the manure resulting deserve the
careful consideration of the farmer, when devising an eflBcient
and at the same time an economical diet for his live stock.
Believing in the correctness of the previous remarks, it
has been one of the aims of the manager of the Station to
experiment with various new fodder crops, to ascertain
their adaptation to our climate and soil, and their fitness for
the support of the dairy industry at a period of the season
when good hay is scarce, and when the green fodder corn
has not yet reached a desirable condition to do its best.
Some, as the vetch, Southern cow-pea and serradella,
have been cultivated for several years past on a compara-
tively large scale, with marked success. They yielded a
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liberal amount of green fodder from the beginning of June
to the beginning of October. Their good services as green
fodder for milch cows during that period have been described
in the last annual report (1887, pages 35-48). Similar
results have been obtained in this direction during the past
season. The details of the feeding experiment form a part
of this report.
The observations with reputed fodder crops have been
extended during the past year; most of them were, how-
ever, raised on a small scale, to ascertain merely their
general character and their particular degree of adaptation
to our climate and soil, and to secure material for analysis,
to compare their relative proportions of essential nutritive
constituents.
The fact, as has been stated before, that all these crops
are raised under corresponding conditions, as far as climate,
soil, modes of cultivation and of fertilization and particular
stages of growth are concerned, imparts to the results the
claim of an exceptional value to decide judiciously their
comparative merits.
1888.— Field " C" comprises at present an area 328 feet
long and 183 feet wide. It was ploughed the previous fall,
and again April 26 ; it was harrowed soon after, and fertilized
broadcast at the rate of six hundred pounds of fine-ground
bones and two hundred pounds of muriate of potash per
acre. The field is divided into two parts, running from east
to west ; they are separated from each other by a passage-
way three feet wide.
The northern half of the field is 70 feet wide and 328 feet
long; the southern half is of the same length, but 110 feet
wide.
The latter is again sub-divided into three equal plats,
each 111 X 109 feet, or 11,990 square feet. The east end
of this field was planted with a mixture of vetch {vicia
sativa) and of oats (variety, western). The middle divis-
ion was planted the same day with serradella, and the
western with Southern cow-pea. Vetch and oats were
seeded broadcast, and serradella and Southern cow-pea in
drills, three feet three inches apart. The northern half of
field "C" was occupied by a series of crops in rows.
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running from south to north, three feet three inches apart,
with the exception of the carrots, which were phmted in
rows fourteen inches apart. The crops were arranged in
the following order, beginning on the east end :—
Danvers carrots, ninety rows.
Welcome oats, three rows.
Hairy vetch ( Vicia villosa), one row.
Small pea (Lathyrus sativus), one row.
Sulla (Hedysamm coronaria), one row.
Bird's-foot clover (Lotus corniculatus) , three rows.
Lotus villosus, three rows.
Sweet clover {Melilotus alba)
,
three rows.
Early cow-pea, one row.
Teosinte (Euchlcena euxurians), two rows.
Flour corn, one row.
Pop-corn, striped rice, one row.
Chinese sugar cane, seven rows.
Early orange cane, fifteen rows.
Early amber cane, fifteen rows.
The seeds of the plants, with the exception of the carrots,
serradella, vetch and Southern cow-pea, were sent on by
the United States Department of Agriculture.
Vetch and Oafs.— Twenty-five pounds of vetch and fiftj
pounds of oats were seeded broadcast May 8. The oats
appeared above ground May 15, the vetch on May 17.
The oats began to head out and the vetch to bloom June
30. Both crops had reached a height of 28 inches July 5,
and of 32 inches July 12. The feeding of the crop began
July 7 and terminated July 23. The total yield of the
green crop amounted to 5,276 pounds, or 8 53 tons, per
acre.
Southern coiv-peas were seeded in rows, three feet and
three inches apart. May 14. They appeared above ground
May 28. The plants were six inches high June 27 ; twelve
inches high July 12; and twenty inches high August 3.
They began to fill out the space between the rows August
10 ; bloomed August 17, and formed pods August 23. The
feeding of the crop commenced September 4, and was
finished September 15. The crop had sufiered somewhat
from frost September 7. The total yield amounted to
4,050 pounds, or 7.36 tons, per acre.
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Serradella was planted in rows, three feet three niches
apart, May 14. The young plants appeared above ground
May 26. They had reached a height of six inches July 5
;
began blooming July 12, and measured eleven inches, when
a blight made its appearance on the leaves, which ultimately
destroyed the crop to such an extent that no part of it was
fed. The grounds occupied by the serradella had been
used during the preceding season for the cultivation of
different varieties of wheat, which seriously suffered from
fungoid growth. The exceptionally wet season most likely
contributed also towards the failure of the crop.
The early frost, September 7, terminated prematurely
the observations on Chinese sugar cane, early orange cane
and early amber cane.
Teosinte, pop-corn, flour corn, melilotus, sulla, hairy
vetch and lotus, have been sampled for analysis.
The perennial varieties of leguminous plants are left in
the field for observations during the coming season, when
their special agricultural merits will be discussed.
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rV. Experiments with Potatoes.
The experiments reported in this connection are continua-
tions of those described under the same heading in our last
annual report.
One of the experiments has been carried on upon the
same portion of field "D" since 1884. It was originally
instituted for the purpose of studying the effects of high-
grade German potash salts, muriate of potash and potash
magnesia sulphate, as the main potash source of plant food,
on the quantity and the quality of potatoes raised by their
assistance.
The second one, observations with scabby potatoes, owes
its origin to the interest created by some observations made
in connection with the former ; it was carried on, for impor-
tant reasons, upon a different part of the farm.
A. Observations upon Field " Z>."
[Variety : Beauty of Hebron.]
An examination of the preceding records of this experi-
ment cannot fail to show that our original plan has been
seriously interfered with by an early and persistent appear-
ance of either scab or blight, or of both combined. The
scab appeared in some parts of the field sooner than in
others.— in the fertilized part of the soil sooner or more ex-
tensively than in the unfertilized soil. The results in 1884
were not as bad as in 1885. The seed potatoes used in 1885
were selected from our own crop ; they were planted upon
the same part of the field where they had been produced the
preceding season. The system of manuring and of general
treatment was the same as in the previous year. A blight
on the leaves appeared that year in August, and terminated
the experiment prematurely. The crop, when harvested
August 26, was found suffering from scab in all parts of the
field engaged in the experiment.
It was decided, in sight of these facts, to continue the
experiment in 1886 upon the same field, with some modifica-
tions, to ascertain, if possible, whether the main influence
regarding the results in our past observation had to be
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ascribed to atmospheric agencies, or to the condition of the
soil and the fertilizer applied, or to the quality of the seed
potato used.
1886. — The same field was used as in 1885. The land
was well prepared by ploughing and harrowing April 27,
and subsequently fertilized the same as in previous years.
The change regarding the character of the fertilizer applied
consisted in using nearly twice the amount of potash salts,
muriate and sulphate of potash, for the same area, in case of
plats 1 and 3. A second important change from our pre-
vious practice consisted in securing first quality seed po-
tatoes, in particular free from scab. The same variety.
Beauty of Hebron, was obtained for that purpose from Ver-
mont ; it was as fair an article as could be desired. The
system of planting and cultivating was the same as in pre-
vious years. The potatoes were planted upon all plats May
5, 1886. All the vines were in full blossom July 6; they
began to turn yellowish and dry up July 30. The crop on
the entire field was dried up August 8. This change seemed
to appear most marked, and first, on the vines raised from
whole potatoes. The crop was harvested August 28.
Neither a liberal use of our own mixture of commercial
manurial substances, rich in potash compounds, nor the
selection of a fair quality of seed potatoes from another
locality, had afiiected our results, as compared with those of
the previous season ; for the entire crop, with scarcely any
exception, was badly disfigured by scab. The potatoes were
unfit for family use, and had to be sold at a low price for
stock feeding.
A due consideration of all the circumstances which accom-
panied our course of observations thus far, induced us to
draw the following conclusions : —
1. Medium-sized whole potatoes give better results, as
far as a large-sized, marketable crop is concerned, than half
potatoes obtained from tubers of a corresponding size.
2. Disregarding the results of the first year, when pre-
viously existing resources of plant food in liberal quantities
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must have rendered the influences of an additional supply of
manurial substances less marked, it appears that sulphate of
potash produced better results in our case than muriate
of potash.
3. The premature dying out of the vines, accompanied
by blight or scab, or both, must be considered a controlling
cause of an exceptionally large amount of small potatoes.
4. Some peculiar condition of the soil upon the lands
used for this experiment is to be considered the real seat of
our trouble. (For further details, see annual report.)
To test the correctness of conclusion 4 still further, the
experiment was continued for another year.
1887.—The same plats as in previous years were utilized
for the experiment. The subdivisions remained unchanged.
The fertilizers applied were the same as in 1886.
The lands were ploughed and harrowed during the first
week of May, and the potatoes planted in all plats May 11.
First quality potatoes. Beauty of Hebron, raised in Ver-
mont, were used as seed. The growth looked well upon all
plats until July 28, when the vines on plats 2 and 3 began
to turn yellow. They commenced drying up August 9, and
by August 12 were dry on all plats. An examination of the
little potatoes, July 1, showed already, in every case, the
marks of scab.
The entire crop, when harvested, was so seriously affected
by scab that it proved worthless in the general market.
The months of July and August were exceptionally wet
and warm in our part of the State, a circumstance which has,
most likely, aggravated our trouble.
The potato crop was in that year quite extensively a fail-
ure in our vicinity, wherever low lands had been used for its
production.
1888.— The continued failure to raise upon this field a
potato crop free from a serious attack of scab had strength-
ened our belief that neither the kind of fertilizer applied, nor
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the particular character of the season, nor the quality of the
seed potatoes used, had any special relation to our results ;
but that some peculiar feature of the soil would ultimately
prove to be the cause of our trouble.
Assuming that the presence of some injurious parasite in
our soil might be the first cause of the scab, it was decided
to devise some means by which its development would be
prevented. The following course was adopted : Three plats,
ea«h forty-four by seventy feet, corresponding in location with
plats 1, 2 and 3 in our description of preceding years, were
assigned for the observation.
Plat 1, located on the eastern side of the stated area, re-
ceived the same manure and in the same proportion as in the
preceding j'^ear (600 pounds of fine-ground bones and 580
pounds of potash-magnesia sulphate per acre). The plat
thus fertilized was subsequently subdivided into two equal
parts, of which one received broadcast a mixture of one-half
a pound of bi-sulphide of carbon and of ninety-five pounds
of air-slaked lime ; while the other half received broadcast a
mixture of one-half a pound of carbolic acid and of ninety-
five pounds of air-slaked lime.
In both instances the soil was subsequently slightly har-
rowed before the potatoes were planted.
Plat 2, located between plats 1 and 3, received, as in
previous years, no fertilizer ; but one hundred and ninety
pounds of air-slaked lime were sown broadcast and har-
rowed in before planting.. The application of lime was made
here to assist in discriminating between the influence of a
mere application of air-slaked lime, and that of a mixture of
either bisulphide of carbon or carbolic acid and air-slaked
lime.
Plat 3, forming the western end of our experimental field,
received for manuring purposes, as in the preceding years,
fine-ground bones and muriate of potash, at the rate of 600
pounds of the former to 300 pounds of the latter per acre.
The fertilizer was applied broadcast and slightly harrowed
in. The plat thus prepared, in a similar way tc plat 1, was
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FIELD "D."
^
Excelaior
Sugar Beet.
Improved
Iraperial.
Lane's
Sugar Beet.
Kua'n Khubarb.
Potatoes,
Plat 1.
subsequently subdivided, like the latter, into two equal
parts. One part was treated broadcast with a mixture of
air-slaked lime and of bisulphide of
carbon, and the other one with that of
air-slaked lime and of carbolic acid, in
the same way, as far as relative portions
and total amount are concerned, before
planting.
The potatoes were planted on all the
plats May 7 ; they appeared pretty
uniform above ground May 27. The
general treatment of the crop during the
entire time was the same on all plats,
and closely corresponded to the course
pursued in preceding years. The vines
began to change their color August 17,
and were all dead August 31. The
change seemed to be a natural one ; no
indications of blisrht could be discovered
on the leaves ; the extreme wetness of ^
the season seemed to favor the continu-
ation of the growing period. The crop
on all the plats was harvested Septem-
ber 7. An examination of the entire
crop, when spread out over the field,
showed no marked diflerence in any
particular part of the various plats. The
potatoes were of a fair size, but seriously
sufiering from scab and rot.
Plat 1 yielded 1,080 pounds of pota-
toes ; plat 2, 876 pounds, and plat 3,
976 pounds, of all sizes. Fifteen bushels
of scabby potatoes, nearly one-third of
the entire crop, were collected before
the crop was removed from the field.
Although the results of the year are
discouraging, the experiment will be repeated, with some
modification, when a more favorable season may assist in the
work.
Potatoes,
Plat 2.
Potatoes,
Plat 3.
Garden
Vegetables.
Vilmorin
Sugar Beet.
D
^
* Scale, 4 rods to 1 inch.
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B. Observations with Scabby Potatoes.
The experiments were inaugurated in 1886 for the pur-
pose of inquiring into the circumstances which control the
development and the propagation of the scab on potatoes.
IS86. — The first year's work in this connection has been
confined to the task of observing the behavior of scabby
potatoes as seed potatoes, under some definite i)revious
treatment. To prevent a possible propagation of scab in the
new crop by infected seed potatoes, the following course was
adopted : Thoroughly scabby potatoes, obtained from the
previously described experimental plats, were treated with
some substances known to be destructive to various forms of
parasitic growth. This operation was carried out with the
intention of destroying the propagating power of adherent
germs of an objectionable character before planting the seed.
The field for the experiment was distinctly separate from
other experimental plats for the cultivation of potatoes. It
had been used for many years previous for the raising of
grass, and had since been planted but once,— the preceding
year ( 1885) ,— with corn. The land was prepared by plough-
ing and harrowing in the same way as other potato fields. It
was fertilized broadcast, at the rate of 600 pounds of ground
rendered bones and 290 pounds of potash-magnesia sulphate.
The field was subdivided into five plats of equal size,
eighty feet long and fifty feet wide, and the potatoes subse-
quently planted in rows, three feet three inches apart, with
hills three feet from each other in the rows. Three feet of
space was left between the plats unoccupied. The scabby
seed potatoes selected for the trial were, as far as practi-
cable, of a uniformly medium size. Each lot was immersed
in the particular solution prepared for the different plats
;
after being kept there for twenty-four hours they were
removed and directly planted.
Plat 1 was planted with healthy and smooth potatoes,
without any previous treatment. This course was adopted
to learn whether soil, fertilizer, or atmospheric agencies of
the season would favor the appearance of scab in the crop.
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Plat 2. The scabby seed potatoes were allowed to remain
for twenty-four hours in a saturated solution of muriate of
potash before being planted.
Plat 3. A strong solution of hypochlorite of lime (bleach-
ing lime) was applied in a similar way, for the preparation
of the scabby seed, as in case of plat 2.
Plat 4. A saturated solution of carbolic acid in water
sei-ved in this instance for the treatment of the scabby po-
tatoes.
The potatoes were planted in all plats on the same day,
May 7. The vines did not appear evenly at first ; they were,
however, equally vigorous upon all plats at the close of June.
The tops on all plats were pretty generally dried up
August 8. The potatoes were harvested on the entire field
August 30. The yield on all plats was fair, and the quality
of the potatoes, almost without exception, excellent ; this
seemed to be more striking in regard to those on plats 2, 3
and 4, which had been, in the beginning of the season, some-
what behind in growth. Here and there could be seen a
potato with a small mark of scab ; a large proportion were
perfectly smooth, and without any sign of it. The results
were recorded as those of a first experiment.
The fact that a scabby potato may produce, under certain
circumstances, a smooth and otherwise excellent potato,
was confirmed. Good potatoes have been raised before
from seed potatoes suffering from scab, without any previous
treatment similar to ours. Without any intention of antici-
pating the results of future observations, or to point out
with certainty the exact cause of our results, we expressed
the opinion that a difference in the condition of the soil in
our old and new experimental potato plats might have
proved to be the principal cause of our trouble ; for the
former yielded, from healthy potatoes, most inferior scabby
potatoes; while the latter produced, from scabby potatoes,
a most superior, smooth potato, under otherwise almost
identical conditions, as far as soil, mode of cultivation and
kind of fertilizer were concerned, upon lands in close prox-
imity, during the same season.
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1887.— The experiment was repeated upon the same
lands, with but a slight modification. The soil was ploughed
and fertilized, as in the preceding year. Ten plats, each fifty
feet long, were planted with four rows of potatoes, three feet
three inches apart, and with nineteen hills in the row.
Medium-sized, whole scabby potatoes (Beauty of Hebron),
selected from the crop raised upon our own fields during the
previous year, and which is described in some preceding
pages under the heading "Potato Experiment, A," served
as seed potatoes. One-half the plats were planted with
scabby potatoes, all from the same lot, after being immersed
for eighteen hours in some solution prepared for that pur-
pose ; and the other half were planted without any previous
treatment of the seed,— plats 2, 6 and 10 with our scabby
potatoes. Beauty of Hebron, and plats 4 and 8 with healthy,
smooth tubers, of the same variety.
Scabby potatoes, soaked in a solution of potassium sulphide.
Scabby potatoes, without any particular treatment.
Scabby potatoes, treated with a solution of hypochlorite of
lime (bleaching lime)
.
Smooth, healthy potatoes, without previous treatment.
Scabby potatoes, treated with a solution of potassium chloride
(muriate of potash).
Scabby potatoes, without previous treatment.
Scabby potatoes, treated with a solution of carbolic acid.
Smooth, healthy potatoes, not treated.
Scabby potatoes, treated with copper sulphate (blue copperas)
.
Plat 10. Scabby potatoes, not treated.
The young plants made their appearance on all plats, ex-
cept plat 9, June 1 ; those on plat 9 appeared eight or ten
days later. The entire crop looked uniformly well. The
vines dried up on all plats at about the same time. The
crop was harvested with the following results :—
Plat
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Beauty of Hebron.
PLAT
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result of the season is, to say the least, an indifferent one, as
far as the action of the various solutions of antiseptics as a
preventive of scabby potatoes is concerned.
The conclusion arrived at in previous years has evidently
received an additional support by the results of the past
season. Every one of our obsei'vations thus far made in
this connection points towards the soil as the bearer of the
cause of the scab on potatoes. The inquiry into the first
cause of the scab will be continued.
Those of our readers who are not familiar with the present
views entertained by scientists regarding the real character
of the scab on potatoes, will find Professor Humphrey's dis-
cussion of this subject, which accompanies this chapter of
our annual report, very interesting and profitable reading.
It has been considered of interest to photograph the seed
potatoes, and subsequently some specimens of a correspond-
insr size of those raised from them. This course it is thought
will furnish us in time with an exact record of the exterior
characteristics of genuine varieties, and assist us in dis-
criminating between new and old. As the Beauty of Heb-
ron, Early Rose and Polaris (originated by H. F. Smith of
Waterbury Centre, Vt.) have been the principal varieties
raised upon the fields of the Station during the past season,
their photographs accompany this report. A picture of
the Colorado wild potato, raised on our lands, may not be
without interest in this connection. The pictures are in
every case taken at an equal distance, and thus allow a com-
parison of relative sizes.
Description of Photographs of Potatoes.
Beauty of Hebron ("Seed Potatoes for 1888).
Beauty of Hebron ;, Potatoes Raised in 18S8).

Early Rose (Seed Potatoes for iSSS).
Early Rose (Potatoes Ralsed in iSSS).
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POTATO SCAB.
BY JAS. ELLIS HUMPHREY, PROFESSOR OF VEGETABLE PHYSIOLOGY.
The value of the potato crop in Massachusetts exceeds
that of any other pLinted crop ; consequently, the loss by
any widespread and serious disease of this crop must be an
important item. The commonest and most constant disease
which attacks the potato in the field is that commonly
known as the " scab." It is well known in both Europe and
America, and attacks the tubers, giving little or no evidence
of its presence in those parts of the plant above ground.
The cause of this trouble is not at all understood, though
various theories are held as to its nature. It is proposed in
the present paper to discuss briefly the present state of our
knowledge of the potato scab, by way of introduction to a
series of investigations of the disease which the writer ex-
pects to carry on during the coming year.
The disease first manifests itself in the form of small cor-
roded spots or pustules on the surface of the potato. Writers
on the subject generally agree that these spots replace the
" lenticels " of the tubers.
If a smooth potato tuber be closely examined, there will
be seen spots of the size of a pin's head or smaller, of a
slightly different shade, and somewhat roughened or granular
in appearance. These breaks in the continuity of the tissue
of tabular cork-cells which form the so-called "skin" of
the potato, are filled with loose, globular cork-cells, through
whose intercellular spaces an interchange of gases can take
place between the interior of the potato and the outer air.
They are then, so to speak, the ventilators of the tuber,
and are known as "lenticels." (The normal structure of
the potato tuber is shown in the accompanying Fig. 2.)
It is in these lenticels that the scab originates or first shows
itself.
From these spots the disease rapidly spreads, until some-
times almost the whole exterior of the tuber becomes in-
volved in the decay and breaking down of the surface tissue.
In many cases, at least, there are developed over these
patches, rough, brittle scales or crusts of corky tissue, which
peel readily from the surface, and which render the name
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"scab" an appropriate one for the disease. In Fig. 1 is
shown the appearance of the fully developed scab, repro-
duced from photographs of potatoes raised on the plats of the
Station in 1888. This whole change goes on while the tuber
is still in the ground ; and after the crop is dug and stored,
no further chansre occurs. The disease affects the tissue to a
depth of only a few cells, all below remaining in a normal,
healthy condition. The cells affected lose their starch, and
contain, in its place, according to some writers, globular
brown masses, usually regarded as disorganized cell-contents.
In so far as the starch, which gives its chief food value to the
potato, is destroyed, that value is lessened ; but the unsightly
appearance of < ' scabby " tubers causes a much greater pro-
portional decrease in their selling value, since, by paring
away the affected superficial tissue, the remainder is made
perfectly suitable for food.
The cause of this disease has been discussed by several
writers. Most of the views expressed are based on the
first important discussion of the subject by Schacht, in a
work on the potato plant and its diseases.* This author
believes that the efficient cause of the scab is an excess of
moisture in the soil. It can readily be shown, that, when a
potato tuber is exposed to an abundance of moisture, the
lenticels become more prominent, in consequence of the
loosening and separation of the cells which fill them. This
affords, Schacht thinks, an easy opportunity for the water to
enter those tissues of the tuber bordering the lenticels. They
thus become water-soaked, and rapidly decay, assuming a
dark and muddy appearance. Two of the chief recent writers
on the diseases of plants, Frank and Sorauer, adopt this
view. Frank f regards the disease as a case of breaking
down of tissue, originating in what is practically a wound.
Sorauer | thinks the scab develops rapidly during short but
specially favorable periods, and instances, as such a period,
the time of a heavy rain following a drought. Each of the
above writers mentions as a possible cause, or at least an ag-
gravating condition, the presence of lime, marls, or especially
* Bericht tiber die Kartoffelpflanze nnd deren Krankheiten, Berlin, 1854, p. 24.
t Krankheiten dor Pflanzen, Berlin, 1880, p. 140.
X Handbuch der Pflanzenkrankheiten, Berlin, 1886, vol. 1, p. 227.
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of iron oxide in the soil ; and Sorauer thinks that ammonia set
free from the soil may sometimes have a similar influence.
Another authority, W. G. Smith,* considers that the chief
cause is mechanical irritation, from the presence in the soil
of corrosive substances ; and states that a difference may
often be noticed in the degree of scabbiness of potatoes from
different parts of the same field, depending on the relative
proportions of refuse in the soil of the different parts. Smith
also says that one form of the disease may be caused either
by long drought or by excess of moisture. All authors agree
that the scab-like crusts, which characterize the disease in its
complete development, originate from the natural effort of
the plant to repair the injury to the tuber by a secondary
formation of cork. Sorauer differs from the others quoted,
in rejecting the theory of irritation or corrosion as a primary
cause of the trouble. He quotes at length several experi-
ments, conducted in German experiment stations and else-
where, whose results seem to be conclusive against the idea
that foreign substances in the soil can cause the disease by
mechanical or chemical action.
We may now proceed to consider the bearing of some
recent American observations on the views already stated.
The only experiments undertaken in this country for the pur-
pose of testing current theories, with which I am acquainted,
are those of Arthur and Beckwith of the New York Experi-
ment Station. f Plats of potatoes were planted and kept
under identical conditions, except that half of the hills were
kept wet by irrigation, while the others were not artificially
watered. One-half of the hills of each class were planted
without manure, and the remainder were manured. In the
unmanured hills, abundant moisture had practically no in-
fluence, for the percentage of scabby potatoes was very nearly
the same in the irrigated and unirrigated portions. On the
other hand, the irrigated hills on the manured ground pro-
duced seventy-one per cent, of scabby tubers, against only
thirty per cent, from the unwatered hills. A general average
gives forty-eight per cent, of scabby tubers on the irrigated
• Diseases of Field and Garden Crops, London, 1884, p. 37.
t Sixth Annual Report of the New York Agricultural Experiment Station, 1888,
pp. 307 and 344.
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ground, to thirty-one per cent, on that unirrigated ; and fifty-
one per cent, of diseased ones on the manured ground, against
twenty-two per cent, where manure was not used. These
results indicate that an abundance of moisture favors the de-
velopment of scab, but can hardly be held to support the
view that it is the chief cawse of the disease. Beckwith con-
cludes from his experiments that an increased 3deld is nearly
always accompanied by an increase of scab ; and that any
marked change in the rapidity of the growth of the tubers
favors its development, a continuous growth from their first
formation to maturity being least favorable to the appear-
ance of the disease. The last point may, perhaps, be re-
garded as another aspect of Sorauer's view that a heavy
rain after drought especially aids the development of scab.
Observations made at this Station during the past five years,
and detailed in its reports,* also bear interestingly on the
subject. The experiments were begun with a wholly diflfer-
ent end in view, but were vitiated the first year by the
appearance of scab, which has persistently appeared on the
same plats in every succeeding year. The first year, when
the land was freshly broken, the trouble was less severe, and
a diflference in severity was noticed on plats difierently fer-
tilized. Since the first year, the crop has been uniformly
scabby, but not more so in wet than in drier seasons. The
experiments thus far, while by no means conclusive in their
results, seem to point to peculiar soil conditions as the most
probable cause of the disease.
In 1887 there appeared a paper by a Norwegian naturalist,
Brunchorst,f on a disease of potatoes common in that
country, and there called " Skurv," which he believes to be,
and which, from his description, seems to be, the same as
the German " Schorf " and the English and American " scab."
This writer states that the masses noticed by other investi-
gators in the dead cells of the tuber, and by them supposed
to be composed of disorganized cell-contents, are really the
resting condition of a parasitic organism, whose attacks
* Second to Sixth Annual Reports of Massachusetts Agricultural Experiment
station, 1885-80.
t Ueber eine sehr verbreitetc Krankheit dor Kaitoffelknollen. In Bergens
Mnseams Aarsberetning for 1886, p. 219.
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cause the disease. He describes in detail the structure of
these masses, as he understands them, but has not seen the
supposed parasite in its active state. He names the organ-
ism Spongospora jSolani, and regards it as closely related to
Plasmodiophora Brassicae, discovered by Woronin * in 1877,
and now generally regarded as the cause of the so-called
"club foot" or "stump root" disease of cabbages and
turnips. For a better understanding of Brunchorst's theory,
it may be well to give here a very brief account of the " club
foot " parasite.
On emerging from its resting state under the influence of
favorable conditions for vegetation, it appears as an almost
inconceivably tiny, naked mass of protoplasm, with the
power of moving or creeping about in moist soil. Here it
may attack a young root of either of several plants of the
Mustard family, most commonly of a cabbage or turnip.
Penetrating a surface cell, it lives and grows at the expense
of the contents of that cell, moving on to another when the
first is exhausted. Cells thus attacked increase in size, in
consequence of the abnormal stimulus caused by the pres-
ence of the parasite, which often also causes a large increase
in the number of cells in the affected region. This hyper-
trophy produces the characteristic swellings which give the
disease its name. As a result of the growth and fusion of
the protoplasmic masses of the organism, many of the root-
cells become at length filled by them. Each of these masses
separates, toward the close of the season, into numerous
very small globular ones, and each of the latter secretes a
wall or coat about itself. In this condition the organism
can survive considerable extremes of cold or dryness, and
can await the recurrence of favorable conditions. When the
weather again permits, the walls or coats crack open, and
the contained bits of protoplasm emerge from their rest,
each one taking up its active life, and repeating the cycle
just outlined. Brunchorst believes the history of his Spon-
gospora to be very similar to the above, differing chiefly in
the fact that the numerous masses, into which the parasitic
contents of one cell divide, remain angular and closely
compacted into a spongy structure, instead of becoming
* I'ringsheim's Jahrbacher fiir wissenschaftliche Botanik, vol. xi, p. 5l8.
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globular and separate, as in Plasmodiophora. In Fig. 3
are shown the active and resting stages of the latter, and
Brunchorst's representation of the resting state of his sup-
posed scab parasite.
Both the New York and the Massachusetts observations,
before referred to, bear on Brunchorst's views. If the scab
is caused by a living organism, its development must bo
checked by the application of substances fatal to parasitic
forms of life ; and scabby potatoes would be expected to
produce usually a scabby crop, when planted, the infected
tubers infecting the new generation. Experiments with
fungicides, at both stations named, gave only negative re-
sults, the decrease in scabbiness where they were used being
insignificant. The average proportion of scabby tubers pro-
duced from scabby '< seed " in the New York experiments
was forty-five per cent
,
while smooth ' ' seed " yielded
thirty-seven per cent, of diseased potatoes. At our own
Station the crops have varied little in quality, when raised
under similar conditions, whether from smooth or scabby
" seed; " and badly diseased tubers have, in several cases,
produced exceptionally good crops.
One further observation, noted by Beckwith in the report
quoted, is of interest. He finds that, while forty-three per
cent, of the white-skinned potatoes and fifty-three per cent,
of the flesh-colored ones raised on the station farm were
scabby, only twenty-seven per cent, of the dark-skinned
ones were aflected. Assuming the cause of the disease to
be external to the tuber, such a result was to be expected.
From the above statement, it is evident that much re-
mains to be learned before our knowledge of the cause of
the potato scab will be at all satisfactory. And, until a
pretty definite knowledge of its cause is gained, all attempts
at discovering a remedy are so many leaps in the dark.
The conditions at this Station are in many respects very
favorable for a hopeful prosecution of investigations into the
nature and origin of the pest, which are planned for the
coming season. The writer will be very glad of suggestions
or reports* of experience from persons who have had to do
practically with the disease, or to communicate with any
who are interested in this subject of inquiry.
^V
';v^
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Fig. 1. Two potatoes, "Beauty of Hebron,"' from Station plats, badly
affected by " scab," illustrating the usual form of the disease.
From ijhoUxjraphs. Five-sixths natural size.
Fig. Section taken at right angles to the surface of a healthy potato
tuber, showing its normal structure.
sk. The " skin " of the tuber, of tabular coi'k-cells.
I. A lenticel, filled with rounded cork-cells.
p. The parenchymatous tissue, which forms the bulk of the
tubers, containing starch-grains, st.
Original. Magnified one hundred diameters.
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Fig. 3.
Fig. 3. a. Cell from diseased root of cabba2;e, showing' renting stacre
of Pla.'^niodiojihin'a Brassiccie, Woronin, tlie "ehib-foot"
parasite.
b. Protoplasmic masses of P. brassicae emerging from the
resting state.
c. Cell from scabby potato, showing resting stage of Sjio?i(/o-
sporaSolani, Brunchorst,th.Q supposed "st-ab" ])arasite.
a and b, after Woronin. a magnitied one hundred diameters,
b magnified six hundred diameters,
c, after Brunchorst. Magnified one thousand diameters.
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V. Experiments with Root Crops.
The importance quite generally conceded to the introduc-
tion of a liberal cultivation of root crops in a mixed farm
management, wherever a deep soil and the general character
of the climate favors their normal development, rests mainly
on the following consideration : They furnish an exception-
ally large amount of valuable vegetable matter, fit for fodder
for various kinds of farm live stock, competing in this direc-
tion favorably with our best green fodder crops ; and they
pay well, on account of large returns, for the necessary care
bestowed upon them by a thorough, deep cultivation to meet
success.
The physical condition of the soil, however favorable it
may have been for the production of crops of a similar char-
acter, will sufler if year after year the same system of culti-
vation is carried out. Diversity in the mechanical treatment
of the soil, and change of season for such treatment, cannot
otherwise but affect advantageously its mechanical condition
and the degree of its chemical disintegration, promoting
thereby its fitness for developing inherent plant food, as well
as its power of turning to account atmospheric resources of
plant growth. The roots of the same plants abstract their
food year after year from the same layer of soil, while a
change of crops with reference to a different root system
renders it possible to make all parts of the agricultural soil
contribute in a desirable succession towards an economical
production of the crops to be raised. Deep-rooting plants,
like our prominent root crops, for this reason deserve a par-
ticular consideration in the planning of a rational system of
rotation of crops.
To raise roots the second year, after a liberal application
of coarse barn-yard manure, or the turning over of grass
lands with the assistance of some commercial phosphatic
fertilizer in the interests of a timely maturity, is highly
recommended by practical cultivators of sugar beets. To
stimulate in the roots the production of the largest possible
amount of sugar and starch must be the object of the culti-
vator, for these two constituents of roots control, more than
any other one, their increase in solids.
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Root crops, although somewhat peculiar in their compo-
sition when compared with many of our prominent fodder
articles, have proved a very valuable constituent in the diet
of various kinds of farm live stock, when properly supple-
mented by hay, grain, oil cake, bran, etc., as circumstances
may advise. Our experience at the Experiment Station con-
firms fully the valuable services of roots as an ingredient of
fodder rations for milch cows. (For details on this point,
see " Feeding Experiments with Milch Cows," in our fourth
and fifth annual reports.)
The encouragement received on that occasion has served
as an inducement to continue our work in this direction.
The aim has been to experiment with the best varieties of
roots at our disposal. The preceding annual report contains
a short sketch of the field work carried out during the year
1887. The difierent varieties of roots raised had been
photographed, and copies taken by the heliotype process
accompanied the report. The discussion of their composi-
tion and of their comparative agricultural value had to be
left for a later date, on account of the closing up of the
annual report before that work was finished. The same
course we are obliged to pursue, for the same reason, in
regard to our field experiments with root crops during
the late season (1888). Our present communication com-
prises, first, the analj'^ses of roots raised in 1887 ; and second,
a description of the work carried on in the field with difier-
ent varieties of valuable roots for feeding purposes.
1. Analyses of Roots raised upon the Lands of the Station
in 1887.
The seeds used in our experiments were sent on by the
United States Department of Agriculture, with the excep-
tion of No. 7,— Saxony sugar beet, — which was taken from
our collection of imported seeds. The field work was
planned with a view to ascertain the general character and
the particular composition of the difierent varieties of roots
on trial, when raised, as far as practicable, under corre-
sponding circumstances with reference to the peculiarity of
season, the quality of soil, the system of manuring and the
mode of cultivation.
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The land consisted of a good loam in a fair condition of
fertilization. It has been manured for several years past,
annually, with a mixture consisting of six hundred pounds
of fine-ground bone and two hundred pounds of muriate of
potash per acre. The seeds, ten varieties in all, were sown
May 25. Each variety occupied two rows across the field,
of equal length (eighty feet)
.
No. 1. Beet, Mangel Wurzel, " Giant Long Red."
2. Beet, Mangel Wurzel, " Yellow Ovoid."
3. Beet, " Eclipse."
4. Beet, "Red Globe."
5. Beet, " Egyptian Turnip."
6. Beet, "Long Smooth Red."
7. Beet, " Saxony " Sugar Beet.
8. Turnip, Ruta-baga, " White Sweet German."
9. Turnip, "Early Yellow," or "Golden Stone."
10. Turnip, Ruta-baga, " Skirving's Purple Top."
The rows were three feet three inches apart. The young
plants were in every case thinned out or transplanted, as
circumstances advised, to about eight inches distant from
each other in the rows.
The transplanting and thinning out took place between
July 5 and 11 ; the weather during this time was favorable
for transplanting. The seeds of Nos. 6 and 9 did not prove
as good as the others ; the young plants of Nos. 5 and 9, in
particular, did not do as well after transplanting as the re-
mainder.
The crop was harvested between October 31 and November
2. The roots, after being removed from the ground, were
topped, and three of each kind were taken to the laboratory
for a chemical examination, while three of an approximately
corresponding size were photographed.
The three sample roots selected in each case represented,
as far as practicable, the smallest, medium and largest of
each variety raised.
The specimens selected for our fodder analyses were kept
in the cellar, slightly covered with moist earth, until wanted
for the chemical examination.
The photographs were taken in every case with the roots
at an equal distance from the camera. (See illustrations,
pages 148-150, in our last annual report.)
142 AGRICULTURAL EXPERIMENT STATION. [Jan.
Statement of Field Results.
NAME OF VARIETY.
1881>.] PUBLIC DOCUMENT— No. 33. 143
Fertilizing Ingredients in the Above Beets.
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Fertilizing Ingredients in the Above Beets.
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Turnips.
[VII[. Ruta-basa, "White Sweet German," weight, 2 lbs. 2 oz. IX. "Early Yel-
low" or "Golden Stone," weight, 14 oz. X. Riita-baga, " Skirving's Purple
Top," weight, 2 lbs. 11 oz.]
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tions in our vicinity. Some crops in low localities suflered
more or less a premature decay, others did not reach their
full maturity in due time. Our root crop, judging from the
results of our examination, evidently did not reach its full
perfection on account of the exceptional wetness of the latter
part of the growing season. The moderate amount of dry
vegetable matter found in the well-studied variety of Saxony
sugar beet, as well as the large proportion of the nitrogen
most of them contained in other combinations than in that
of true albuminoid substances, entitle to that conclusion.
Root crops are commonly reported to contain on an average
from thirty-five to forty-five per cent, of their nitrogen in
other and less valued combinations than the typical albu-
minous matter or the genuine protein substances. An ex-
amination of the subsequent tabular statement of some tests
in that direction shows that our roots, as far as they have
been submitted to an actual observation (1-7), contained
from fifty-two to seventy per cent, of their nitrogen in
various combinations quite generally considered of less
nutritive value than the group of typical albuminous sub-
stances. The last-named class of compounds reaches usually
its highest attainable proportions in a plant or part of a
plant. at the state of maturity.
Determinatiox of Albuminoid Nitrogen in Roots raised upon
THE Fields of the Station.
Root No. 1, ,
" 2,
3,
4,
5,
G,
" 7,
Total
Nitrogen.
1.20
1.61
1.53
1.90
1.20
1.81
1.25
Albuminoid
Nitrogen.
0.58
0.55
56
0.57
0.58
0.51
0.60
Xon-
Albuminoid
Niirogcn.
0.62
1.06
0.97
1.33
0.62
1.30
0.65
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The various kinds of roots usually raised on farms for
feeding purposes differ essentially in regard to the amount
of dry vegetable matter they contain. Turnips contain from
seven to eight per cent. ; ordinary mangolds from eleven to
twelve per cent. ; improved varieties of beet roots, like
Lane's, from fifteen to sixteen per cent.
;
good carrots from
fourteen to fifteen per cent. ; a good sugar lieet from eigh-
teen to twenty per cent, of solids ; or, in other words, one
ton of an improved variety of good sugar l)eets is equal to
from two to twa and one-half tons of ordinary turnips, as
far as the amount of dry vegetable matter is concerned.
]\Iodes of cultivation and of manuring exert a decided in-
fluence in this direction on the composition of the roots.
Large roots of the same variety contain quite frequently less
solid matter than the smaller ones. Close cultivation in the
rows, in connection with the use of well-decomposed raanu-
rial matter as fertilizer, tends to produce good results.
The difierence in the amount of solids, as far as each kind
of root is concerned, is otherwise due, in the majority of
cases, to a more or less perfect maturity. A liberal manur-
ing with potash and nitrogen, in connection with a scanty
supply of phosphoric acid, is frequenth^ the cause of imma-
tured roots at the ordinary harvest time.
2. Field Observations with Root Crops in 1888.
The field used for the work was of the same character as
in the preceding trial. It represents a part of field " D " on
our records, and is 328 feet long and 70 feet wide. The
main field runs from east to w^est, and the rows run in all
cases from south to north. The soil consists of a deep,
sandy loam, and has l)een fertilized for several 3^ears annu-
ally with the same fertilizer, six hundred pounds of fine-
ground bones and two hundred pounds of muriate of potash
per acre. Some of the land has J)een used beft)re for the
raising of root crops. It was ploughed in the autumn, 1887,
and again on April 26, 1888. The fertilizer was applied
April 30, in the customary way, broadcast, and slightly
harrowed in before planting. The rows were seventy feet
long and three feet three inches apart. The seed was taken
partly from our own imported stock of previous years, and
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partly chosen from varieties sent on by the United States
Department of Agriculture at Washington, D. C. The fol-
lowing varieties were seeded May 17 and 19 ; —
Kows.
No. 1. Excelsior Sugar Beet, 15
2. Improved Imperial Sugar Beet, 6
3. Vilmorin Sugar Beet, 14
4. Lane's Sugar Beet, 9
5. New Market Gardener Beet (red), 1
C. Eclipse Beet (red), 1
7. Osborn's Selected Beet (red), 1
8. Yellow Danver's Carrot, ....•.., 90
One row was planted with Saxony sugar beet, from our
crop of 1887, for the purpose of raising seeds for our own
consumption during the coming season.
The young plants appeared in all cases above ground
May 28 ; they were in every instance, whenever necessary,
thinned out to have them eight inches apart in the rows
;
none were transplanted.
The averao-e number of roots in a row was at the end of
the season as follows : —
Plants.
Excelsior Sugar Beet, 89
Improved Imperial Sugar Beet, 96
Vilmorin Sugar Beet, 119
Lane's Sugar Beet, 105
New Market Gardener Beet, 07
Eclipse Beet, 118
Osborn's Selected Beet, 122
The entire yield of each of these varieties of beet roots
without tops amounted to,—
1,870 pounds in fifteen rows of Excelsior. *
1,070 pounds in six rows of Improved Imperial.
3,355 pounds in fourteen rows of Vilmorin.
1,250 pounds in nine rows of Lane's.
125 pounds in one row of New Market Gai'dener.
150 pounds in one row of Eclipse.
130 pounds in one row of Osborn's Selected.
The Vilmorin sugar beet exceeds in our case in yield all
other sugar beets, allowing an equal number of rows with an
equal number of plants. The yield per acre, with rows
three feet and three inches apart, at our rate of production
would amount to 22.1'5 tons.
%,
No. 1. Saxonj Sugar Beet, raised 1887.
No. 2. Excelsior Sugar Beet, raised 1888.
/a^
No. 3. Improved Imperial Sugar Beet, raised i{
Co..
-VjAff PftitTsna

No. 4. Vilmorm Sugar Beet, raised i{
No. 5. Lane's Sugar Beet, raised i{
No. 6. New Market Gardener Beet, raised 1888.
r /'crrffl. P»mTi\G Co., riT/^TE PniK^si

No. 7. Eclipse Beet (red), raised 1888.
Osborn's Selected Beet (red), raised i{
No. 9. Danver's Carrot (jellow), raised 1888.
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The crop was harvested October 22. The entire season
was remarkable for its exceptional coolness in July, and its
abundance of rain. The leaves retained even to the time of
harvesting a considerable degree of vitality.
Carrots (^Danver's Yellow) . — This crop occupied an area
of 109 by 70 feet; the field was manured in the same way
and with the same quantity of fine-ground bones and muriate
of potash as the one which served for the raising of the
above-mentioned varieties of roots. The soil was in both
instances practically of a corresponding character, and in a
corresponding state of fertilization. The seed was planted
in rows, fourteen inches apart, June 1. The young plants
appeared above ground June 17 ; the crop was kept clean
from weeds by the use of the hand and the cultivator. The
roots were harvested October 31 ; they amounted to 6,850
pounds, or 137 bushels, at 50 pounds each, which is equal
to 19.52 tons per acre.
Samples of all the varieties of roots raised at the Station
have been carefully collected and at once photographed, to
present a concise idea of their peculiarity, as far as their
exterior is concerned. Analyses of each kind will l)e pre-
sented later on. Three samples of every variety, represent-
ing the largest, middle and smallest size of each, served the
photographer. The picture was in each case taken at a
corresponding distance, to allow comparison of size. The
weight of each is also stated.
Tabular Statement of Weights of Roots photographed.
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VI. Notes on Miscellaneous Field Work.
Aside from the strictly experimental work on our older
field, much preparatory work has been carried on during the
past year on our more recent addition of lands. The older
held, which has been for six years under our control, is
located along the west side of the highway leading from
Amherst to North Amherst ; it covers an area of about twenty
acres, including the grounds occupied by the present build-
ings of the Experiment Station. The more recent addition
of lands (1886) is located along the east side of the high-
way ; it covers an area of thirty acres, of which ten acres
are occupied l)y a natural forest growth. The entire field
forms the western slope of a prominent elevation. Most of
the cultivated portion, Avhich consisted of old grass lands,
is gradually slanting towards the north-west, while a con-
siderable portion of it is nearly on a level, with a slight
depression towards the north. The entire area, consisting
essentially of a good gravelly loam, admits of a satisfactory
management of the work to be carried on upon it. The
steeper portion along the wood land will be used for experi-
ments with large and small fruits, the adjoining part towards
the west for experiments with general farm crops, and the
more level western termination for permanent grass lands.
This plan for its future use was adopted after taking posses-
sion of the grounds in 1886.
As the lands along the slope are somewhat springy, and
as its lower portion has at times to convey to the north a
considerable amount of water coming from adjoining southern
hillsides, a thorough system of underdraining was at once
devised, and in its essential direction carried out, before any
of the sod was turned over. Subsequently, during the
autumn of 1886, the northern end of the entire field, to the
extent of twelve acres, was ploughed ; while the ploughing
of the southern terminus of the field, comprising eight acres
of old grass land, was for financial considerations reserved
for a year later ( 1 887)
.
The ploughed lands were thoroughly treated with a wheel
harrow during the succeeding spring, before planting. Wood
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ashes, at the rate of one ton per acre, was the only fertilizer
used durins; the first season. This mode of manurinoj these
lands was adopted for the purpose of assisting in a rapid de-
composition of a rank growth, and of bringing the soil, as
far as practicable, to a corresponding state of fertilization
in the interest of future experiments. A variety of crops
was subsequently planted, with the main aim to secure, in
every instance, a thorough mechanical working of the soil
by drill cultivation or by the use of the hoe. Several
varieties of barley and of oats, corn, potatoes, squashes, and
a variety of other garden crops, occupied the field. The
periodical stirring of the soil promised to free the land from
a foul growth, which in the course of time naturally over-
runs old grass lands.
During the month of September about seven acres of
the entire cultivated area were })reparcd for a permanent
meadow, and seeded down with a mixture of herd's ijrass
and red-top ; some varieties of clover were added the suc-
ceeding spring (1888).
The southern end of the field, which had still served, as
above stated, for the production of hay, was turned over
late in the season, to be prepared during the succeeding
spring for future experiments in the same manner as the
north end.
18SS. — The preparatory work has been contiiuied in all
parts, of this field. The exceptional rainfall has seriously
tested the capacity of our drain tiles ; they have stood the
test, on the whole, satisfactorily. Needed alterations have
been attended to, and the prospects are that no further
serious trouble may be expected. No fertilizers but wood
ashes have been used thus far. Drill cultivation has been
generally adopted, to assist in future cultivation. Several
acres of oats, barley and corn have been raised, to assist in
the support of feeding experiments. The permanent grass
lands have been increased here to from nine to ten acres.
Definite grass mixtures have been used as seed, to test their
respective merits in our locality. The results will be care-
fully watched, from a botanical as well as from an economical
stand-point. An orchard will be laid out during the coming
year.
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The subsequent statement contains an enumeration of the
prhicipal crops raised in different parts of the farm, on lands
either permanently assigned for the production of fodder
for the live stock of the Station, or engaged in a course of
preparation for future experiments : —
Tons
Good English hay, 23
Rowen, . 9
Corn stovex", 3^
Corn fodder, 4|
Roots (can'ots and sugar beets), 7
Oats (grain and straw), 4^
Barley (grain and straw), 2
Green fodder (vetch, oats and cow-pea), 4i
Crops for ensilage (corn, 9| tons ; Soja bean, cow-pea and Hun-
garian grass, 3^ tons), 13
Potatoes (mainly Beauty of Hebron, Early Rose and Polaris), 2C0 bush.
From four to five acres of Southern cow-pea, Soja bean,
horse bean, lupine and buckwheat have been subjected to
drill cultivation, for the purpose of renovating old grass
lands and to serve ultimately as green manure.
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NEW I.AWS
REeULATION OF THE SALE OF COMMERCIAL FERTILIZERS.
Work in the Chemical Department.
I. Fertilizer Laws and Fertilizer Analyses.
XL Miscellaneous Analyses.
The Legislature of 1888, at the suggestion of the State
Board of Agriculture, has enacted a new law, entitled, *' An
Act to regulate the Sale of Commercial Fertilizers," chapter
296. This Act, which has been in operation since Sept. 1,
1888, assigns the supervision of the sale of commercial fer-
tilizers to the director of the Massachusetts State Agricul-
tural Experiment Station at Amherst, Mass.
The provisions of the Act are as follows :—
[Chap. 296.]
An Act to regulate the sale op commercial fertilizers.
Be it enacted, etc., as follows:
Section 1. Every lot or parcel of commercial fertilizer or
material used for mamirial purposes, sold, offered or exposed for
sale within this Commonwealth, the retail price of which is ten
dollars or more per ton, shall be accompanied by a plainly printed
statement, clearly and truly certifying the number of net pounds
of fertilizer in the package, the name, brand or trade mark under
which the fertilizer is sold, the name and address of the manu- -
facturer or importer, the place of manufacture, and a chemical
analysis stating the percentage of nitrogen or its equivalent in
ammonia, of potash soluble in distilled water, and of phosphoric
acid in available form soluble in distilled water and reverted, as
well as the total phosphoric acid. In the case of those fertilizera
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which consist of other and cheaper materials, said label shall give
a correct general statement of the composition and ingredients of
the fertilizer it accompanies.
Skct. 2. Before any commercial fertilizer, the retail price of
which is ten dollars or more per ton, is sold, offered or exposed.for
sale, the importer, manufacturer or party who causes it to be sold
or offered for sale within the state of Massachusetts, shall file with
the director of the Massachusetts agricultural experiment station,
a certified copy of the statement named in section one of this act,
and shall also deposit with said director at his request a sealed
glass jar or bottle, containing not less than one pound of the fer-
tilizer, accompanied by an affidavit that it is a fair average sample
thereof.
Sect. 3. The manufacturer, importer, agent or seller of any
brand of commercial fertilizer or material used for manurial pur-
poses, the retail price of which is ten dollars or more per ton, shall
pay for each brand, on or before the first day of May annually, to
the director of the Massachusetts agricultural experiment station,
an analysis fee of five dollars for each of the three following fertiliz-
ing ingredients, namely, nitrogen, phosphorus and potassium,
contained or claimed to exist in said brand or fertilizer : provided,
that whenever the manufacturer or importer shall have paid the
fee herein required for any person acting as agent or seller for
such manufacturer or importer, such agent or seller shall not be
required to pay the fee named in this section ; and on receipt of said
analysis fees and statement specified in section two, the director
of said station shall issue certificates of compliance with this act.
Sect. 4. No person shall sell, offer or expose for sale in the
state of Massachusetts, any pulverized leather, raw, steamed,
roasted, or in any form as a fertilizer, or as an ingredient of any fer-
tilizer or manure, without an explicit printed certificate of the fact,
said certificate to be conspicuously affixed to every package of
such fertilizer or manure, and to accompany or go with every
parcel or lot of the same.
Sect. 5. Any person selling, or offering or exposing for sale,
any commercial fertilizer without the statement required by the first
section of this act, or with a label stating that said fertilizer con-
tains a larger percentage of any one or more of the constituents
mentioned in said section than is contained therein, or respecting
the sale of which all the provisions of the foregoing section have
not been fully complied with, shall forfeit fifty dollars for the first
offence and one hundred dollars for each subsequent offence.
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Sect. 6. This act shall not affect parties manufacturing, im-
porting or purchasing fertilizers for their own use, and not to sell
in this state.
Sect. 7. The director of the Massachusetts agricultural experi-
ment station shall pay the analysis fees, as soon as received by
him, into the treasury of the station, and shall cause one analysis
or more of each fertilizer or material used for manurial purposes
to be made annually, and publish the results monthly, with such
additional information as circumstances advise : provided^ such in-
formation relates only to the composition of the fertilizer or fertil-
izing material inspected. Said director is hereby authorized in
person or by deputy to take a sample, not exceeding two pounds
in weight, for analysis, from any lot or package of fertilizer or any
material used for manurial purposes which may be in the posses-
sion of any manufacturer, importer, agent or dealer ; but said
sample shall be di'awn in presence of said party or parties in in-
terest or their representative, and taken from a number of packages
which shall be not less than ten per cent, of the whole lot inspected,
and shall be thoroughly mixed and then divided into two equal
samples, and placed in glass vessels and carefully sealed and a
label placed on each, stating the name or braud of the fertilizer or
material sampled, the name of the party from whose stook the
sample was drawn, and the time and place of drawing ; and said
label shall also be signed by the director or his deputy and by the
party or parties in interest or their representatives present at the
drawing and sealing of said samples ; one of said duplicate samples
shall be retained by the director and the other by the party whose
stock was sampled. All parties violating this act shall be prose-
cuted by the director of said station ; but it shall be the duty of
said director, upon ascertaining any violation of this act, to forth-
with notify the manufacturer or importer in writing, and give him
not less than thirty days thereafter in which to comply with the re-
quirements of this act, but there shall be no prosecution in relation
to the quality of the fertilizer or fertilizing material if the same
shall be made substantially equivalent to the statement of analysis
made by the manufacturer or importer.
Sect. 8. Sections eleven to sixteen inclusive of chapter sixty of
the Public Statutes are hereby repealed.
Sect. 9. This act shall take effect on the first day of Septem-
ber in the year eighteen hundred and eighty-eight. \_Approved
May 5, 1S88.
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The above-stated regulations are now in force, and a
compliance with them is imperative on all manufacturers,
importers, agents or sellers of any brand of commercial
fertilizer or of any material used for manurial purposes, the
retail selling price of which is ten dollars or more per ton.
It will be noticed that the new provisions for the control
of the trade in fertilizers in Massachusetts apply not only,
as heretofore, to a certain class of more or less compound,
distinct brands of commercial fertilizers, but to all materials,
single or compound, used for manurial purposes, without
regard to source, when offered for sale at ten dollars or
more per ton.
The official report of analyses and of all materials used
for manurial purposes, which are sold in this State under a
certificate of compliance with the present laws for the regu-
lation of the trade in these articles, has been restricted to a
statement of chemical composition, and to such additional
information as relates to the former. This change, it is
expected, will tend to direct the attention of the consumer
of fertilizers more towards the composition of the dififerent
brands of fertilizers offered for sale.
The practice of affixing to each analysis of this class of
fertilizers an approximate commercial valuation per ton of
their principal constituents has, therefore, been discon-
tinued. Those who are not yet familiar with the current
market value of fertilizing constituents may benefit by a
short discussion of that subject at the close of this chapter.
The approximate market value of different brands of
fertilizers, obtained by the current mode of valuation, does
not express their respective agricultural value, i.e., their
crop-producing value. The higher or lower market price of
different brands of fertilizer does not necessarily stand in a
direct relation to their particular fitness, without any refer-
ence to the particular condition of the soil to be treated, and
the special wants of the crop to be raised by their assistance.
To select judiciously from among the various brands of fer-
tilizers offered for patronage requires in the main two kinds
of information ; namely, we ought to feel confident that the
particular brand of fertilizer in question contains the guaran-
teed quantities and qualities of essential articles of plant
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food at a reasonable cost, and that it contains them in such
form and in such proportions as will best meet existing
circumstances and special wants. In some instances it may
be mainly either phosphoric acid or nitrogen or potash ; in
others, two of them ; and in others again, all three.
A remunerative use of commercial fertilizers can only be
secured by attending carefully to the previously stated con-
siderations.
The new duties assigned to the director of the Station
render it necessary to discriminate in the future, in official
publications of the results of analyses of commercial fertili-
zers and of manurial substances in general, between analyses
of samples collected by a duly qualified delegate of the
Experiment Station, in conformity with the rules prescribed
by the new laws, and those analyses which are made of
samples sent on for that purpose by outside parties. In
regard to the former alone can the director assume the re-
sponsibility of a carefully prepared sample, and of the
identity of the article in question.
More detailed information in this connection, re2:ardin2r
the duties of the director of the Massachusetts State
Agricultural Experiment Station, and the obligations of
the manufacturers, dealers and agents engaged in the sale
of commercial fertilizers or materials used for manurial
purposes, may be obtained by addressing the director at
Amherst, Mass. Copies of the above-printed Act may be
had on application.
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n.— Analysis of Commercial Fertilizers and Manur-
lAL Substances sent on for Examination.
Wood Ashes.
[ I. Sent on from Ipsvdch, Mass. II. and III. Sent on from Concord, Mass ]
1889.] PUBLIC DOCUMENT— No. 33. 171
Wood Ashes.
[ I. Sent on from Amherst, Mass. II. Sent on from Amherst, Mass. III. Sent on
by F. H. Greeley, Salisbmy, Mass. IV. Sent on by J. D. W. French, North
Andover, Mass.]
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Wood Ashes.
[I. Sent on by F. H. Williams, Sunderland, Mass. 11. Sent on by C. H. Thomp-
son & Co., Boston, Mass. III. and IV. Sent on from Amherst, Mass.]
1889.] PUBLIC DOCUMEXT— No. 33. 173
Cotton-seed Hull Ashes.
[I. Sent on from Hatfield, Mass. II. Sent on from Agawam, Mass. III. Sent on
from South Deerfield, Mass.]
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Potash Fertilizers.
[I. Muriate of Potash. II. Sulphate of Potash and Magnesia, sent on from
Amherst, Mass.]
w
1889.] PUBLIC DOCUMENT— No. 33. 175
Muck.
[I. and II. Sent on from MaiToorough, Mass. III. Sent on from Concord, Mass.]
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Muck.
[Sent on by W. H. Earle, Worcester, Mass.]
ir.
Moisture at 100° C,
Ash, ....
Feme oxide,
.
Aluminic oxide, .
Calcium oxide,
Magnesium oxide.
Potassium oxide, .
Phosphoric acid, .
Nitrogen,
Insoluble silicious matter.
10.030
51.289
Trace.
6.672
.038
.030
.051
.198
1.470
39.755
11.231
51.400
Trace.
6.953
.049
.031
.062
.232
1.460
39.635
Sea-weed.
[Sent on from Eastham, Mass.,— two samples.]
ir.
Moisture at 100° C,
Nitrogen (16 1 cts. per lb.), .
Phosphoric acid (6 cts. per lb.).
Potassium oxide (4| cts. per lb.)
Calcium oxide,
Magnesium oxide
Sodium oxide.
Chlorine,
Insoluble matter.
Valuation per 2,000 lbs
12.05
1.66
.44
3.81
2.73
1.48
11.75
6.40
7.73
f9.25
14.96
1.28
.17
.36
386
1.30
8.40
5.28
.78
$4.72
1889.] PUBLIC DOCUMENT— No. 33. 177
The samples were received in an air-dry state. Accord-
ing to statement, I. bad been dried witbout any serious
exposure to bad weatber ; II. bad suffered from exposure
for a considerable leno;tb of time.
Cotton-seed Meal (for manurial purposes).
[I. Sent on by Geo. Frost, Boston, Mass. II. and III. Sent on by C. L. Warner,
Hatfield, Mass.]
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Cotton Waste.
[Sent on by Samuel Pillsbuiy, Boston, Mass.] Per cent.
Moisture at 10J° C, 8-24
Nitrogen, 2.09
Phosi^horic acid, -83
Calcium oxide, 2.52
Magnesium oxide, -66
Potassium oxide, 1-62
Insoluble matter, . 20.10
Wool Waste.
[Sent on by A. S. Shepard, Franklin, Mass.] Per cent.
Moisture at 100° C, 7.67
Ash, 10 63
Phosphoric acid, 1-15
Potassium oxide, -51:
Nitrogen, 5.26
Lisoluble matter, 5.83
Waste from Cotton-seed Presses.
[Sent on by Oliver R. Robbins, "Weston, Mass.] Per cent.
Moisture at 100° C. 6.83
Ash 23.47
Phosphoric acid, -96
Potassium oxide, -20
Nitrogen, 4.24
Insoluble matter, 17.74
Waste from Linseed Presses.
[Sent on by Oliver R. Robbins, Weston, Mass.]
Moisture at 100° C,
Ash, .
Phosphoric acid,
Potassium oxide.
Nitrogen,
Insoluble matter,
Per cent.
7.06
2.34
2.43
.24
8.05
1.00
Scouring Liquor of Raw Wool.
[Sent on from Plymouth, Mass.] Per cent.
Moisture at 100° C. 92.03
Dry matter, . . . . ; 7.97
Nitrogen (in liquid), .03
Ash, 3.28
Calcium oxide, -04
Magnesium oxide, Trace.
Potassium oxide, 1-09
Sodium oxide, . -92
Iron and alumina oxides, '09
Insoluble matter, ., -22
1889.] PUBLIC DOCmiENT— Xo. 33. 179
One hundred parts of ash contained,—
Per cent.
Calcium oxide, 1.22
Magnesium oxide, Trace.
Potassium oxide, 33.23
Sodium oxide, 28.05
Iron and alumina oxides, 2.74
Insoluble matter, 6.91
The above-stated liquid was obtained, according to infor-
mation received, by scouring raw wool with a solution of
soda-ash and soap. The most noticeable constituent of the
material is its comparatively large amount of potash (1.09
per cent.) in the calcined residue or ash. The presence of
a liberal amount of potash compounds in raw wool is well
known. A sample of raw wool from South America, tested
here in that direction some years ago, showed fiom 3.92 to
4.2 per cent, of potassium oxide. The washings of sheep
and of raw wool may be used with a good eflect on grass
lands. Solutions like the one above described are, however,
too concentrated for direct use ; they ought to be diluted
with from ten to twenty times their weight of water, to
render advisable their direct application on any growing
vegetation.
Refuse Material from Soap Wo7'ks.
[Sent on by Holyoke Soap Works, Holyoke, Mass.]
Per cent.
Moisture at 100° C. 19.70
Total phosphoric acid, 15.37
Soluble phosphoric acid, .03
Reverted phosphoric acid, 5.29
Insoluble phosphoric acid, 10.05
Nitrogen, 4.24
Insoluble matter, 1.37
This material is similar to tankage in composition and in
mechanical condition.
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Fish Fertilizers.
[Sent on frona Eastham, Mass. I. Suit Fisb "Waste. II. Fish Cbura. III. Salt
Fish Trimmings. IV. Whalebone. V. Whale Scrap.]
II. III. IV.
Moisture at 100" C,
.
Total phosphoric acid,
Soluble jjhosphoric acid (8 cts.
per lb),
Reverted phosphoric acid (7|
cts. per lb.), ....
Insoluble phosphoric acid (3
cts. per lb), . . . .
Nitrogen (12 els. per lb.).
Insoluble matter,
Valuation per 2,000 lbs., .
2.89
.58
1.16
1.15
5.2G
.10
^5.96
53.80
3.80
.36
1.77
1.67
4.2G
.06
$14.46
5.22
5.50
.69
2.15
2 6G
7.63
.26
f24.24
6.81
20.84
.34
1.84
18.69
3.40
3.69
$22.67
9.51
1.15
.84
.07
.^4
9.64
9.10
$24 73
The main quantity of these substances was in a very coarse
state.
Dry Ground Fish.
[I. and II. Sent on by R. P. Smith, Hatfield, Mass. III. Sent on hj W. "W.
Sanderson, South Deeifield, Mass.]
Moisture at 100° C,
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Peruvian Guano.
[From P. Williams & Co., Taunton, Mass. I. Warranted Peruvian Guano, No. 1.
II. Low-gi-ade Peruvian Guano.]
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Oround Bones.
[I., II. and III. Sent on from Amherst, Mass. IV. Sent on from Jamaica Plain,
Mass.]
Mechanical Analyses.
1889.] PUBLIC DOCUMENT— No. 33. 183
Ground Bones.
[T. Sent on from Amherst, Mass. II. Sent on by A. S. Belcher, North Easton,
Mass. III. Sent on by Edmund Hersey, Ilingham, Mass. IV. Sent on by "W.
W. Sanderson, South Deerfiold, Mass.]
Mechanical Analyses.
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Phosphate Slag.
[I. German " Pliosphate Slag," New York. II. " Phosphate Slag " sent on from
England.]
Moisture at 100^ C, . . .
Ferric oxide and alutQinum oxide,
Total phosphoric acid, .
Calcium oxide, ....
Magnesium oxide,
Insoluble matter, ....
Not
determined.
This material has been of late introduced into our markets
in a fine-ground state as " phosphate meal," manufactured of
the " Peine-Thomas Scoria.'' P. Weidinger, No. 76 Pine
Street, New York City, who has advertised the sale of the
above material for trial, makes the following statement : —
'
' We ofier to the American fertilizer trade the article
above stated, whose rapid and successful introduction into
various countries, with constantly increasing demand, gives
us a guarantee that its importance for agriculture will not be
underrated. This is a very finely ground phosphate meal,
obtained from the so-called ' Peine-Thomas Scoria,' through
the dephosphorization of pig iron, after the patented method
of Sidney Gilchrist Thomas. The dephosphorization of the
iron takes place by melting the iron with lime in a current
of air, a proceeding by which pig iron, rich in phosphorus,
is converted into steel, free from phosphorus (ingot iron).
In this manner the phosphorus of the pig iron is converted
into phosphoric acid, which, uniting with the lime added,
forms phosphate of lime. The melted mixture of phosphate
of lime with excess of lime and combinations of the iron and
manganese, obtained by this proceeding, is called ' Thomas
Scoria.' It is brought into the market for the purposes of
agriculture in a finely ground state."
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The pliosphoric acid present is neither to any extent soluble
in water nor in a solution of citrate of ammonia. The com-
position of the slag is peculiar, on account of an excess of
caustic lime, which favors a breaking up into minute particles
when exposed to air and moisture. The more finely ground
when exposed to atmospheric influences, the more rapidly
takes place a general disintegration. This behavior tends to
diflTuse the phosphoric acid, and favors absorption by the
roots. No pi'evious treatment by acids has been found
necessary to secure satisfactory returns when used as a phos-
phoric acid source for plant growth. On account of the
alkaline reaction of the " phosphate meal," no ammonia salts
or organic nitrogen compounds are used as an admixture for
the production of more complete fertilizers. In case nitro-
gen shall be applied, nitrate of soda is used, to furnish that
element. Muriate of potash and kainite are recommended as
potash sources.
European agricultural chemists speak well of this new
source of phosphoric acid. As it is claimed that phosphoric
acid can be furnished at less cost and more efficiently in the
form of ' ' phosphate meal " than in any of our known mineral
resources of insoluble phosphoric acid, it seems desirable
that experiments should be instituted to test its merits.
Fifteen dollars per 2,000 pounds has been asked in our
vicinity for a finely ground material.
Concentrated Flower Food.
[Sent on from Springfield, Mass.]
Per cent.
Moisture at 100° C, 11.20
Ash, 42.89
Phosphoric acid,
, . 5.30
Sulphuric acid, 15.73
Potassium oxide, 4.72
Sodium oxide, 17.45
Calcium oxide, 6.18
Nitrogen in organic matter, ' 2.31
Nitrogen in nitrates, 4.66
Insoluble matter, .25
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Compound Fertilizers.
[I. Sent on by A. S. Hawley, North Hadley, Mass. II. Sentonby Staples & Phillips,
Taunton, Mass. III. Sent on by C. M. Allen, Franklin, Mass. IV. Sent on by
F. G. Arnold, Swansea, Mass.]
1889.] PUBLIC DOCUMENT— No. 33. 187
Compound Fertilizers.
p. Sent on by J. M. Aiken, Prescott, Mass. II. Sent on by W. W. Sanderson, South
Deerfleld, Mass.]
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yaluatio:n' of fertilizers akd fer-
tilizer ANALYSES.
The hitherto customary valuation of manurial substances
is based on the average trade value of the fertilizing elements
specified by analyses. The money value of the higher grades
of agricultural chemicals, and of the higher-priced compound
fertilizers, depends in the majority of cases on the amount
and the particular form of two or three essential articles of
plant food, i. e., phosphoric acid, nitrogen and potash, which
they contain. The valuation which usuall}'^ accompanies the
analyses of these goods shall inform the consumer, as far as
practicable, regarding the cash retail price at which the
several specified essential elements of plant food, in an effi-
cient form, have been ofi*ered of late for sale in our large
markets.
The market value of low-priced materials used for manurial
purposes, such as salt, wood ashes, various kinds of lime,
barn-yard manure, factory refuse, and waste materials of
different descriptions, quite frequently does not stand in a
close relation to the market value of the amount of essential
articles of plant food they contain. Their cost varies in dif-
ferent localities. Local facilities for cheap transportation,
and more or less advantageous mechanical condition for a
speedy action, exert, as a rule, a decided influence on their
selling price.
The market price ofmanurial substances is liable to serious
fluctuations ; for supply and demand exert here, as well as
in other branches of commercial industry, a controlling influ-
ence on their temporary money value. As farmers in many
instances have but little chance to obtain the desired infor-
mation, agricultural chemists charged with the inspection of
commercial fertilizers assist in the work, by ascertaining as
far as practicable the actual market price of the leading
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manurial substances in our principal markets for a given
period of time. The results of the inquiries into the condi-
tion of the trade during the six months preceduig the 1st of
March, 1888, are embodied in the subsequent tabular state-
ment of cost of fertilizing ingredients for the opening of the
season of 1888.
The market reports of centres of trade in New England,
New York and New Jersey, aside from consultation with
leading manufacturers of fertilizers, and notes on actual sales
of individual farmers and farmers' associations, etc., furnish
the necessary information regarding the current trade value
of fertilizing ingredients. The subsequent statement of cash
values in the retail trade is obtained by taking the average
of the wholesale quotations in New York and Boston, dur-
ing the six months preceding March 1, 1888, and increasing
them by twenty per cent., to cover expenses of sales,
credits, etc.
Trade Values of Fertiltzixg Ingredients in Raw
Materials and Chemicals.
188$.
Cents per Pound.
Nitrogen in ammoniates, 17^
Nitrogen in nitrates, 15
Organic nitrogen in dry and fine-ground fish, meat, blood,
cotton-seed meal and castor pomace, 1G|
Organic nitrogen in fine-ground bone and tankage, . . . IGi-
Organic nitrogen in fine-ground medium bone and tankage, . 13
Organic nitrogen in medium bone and tankage, .... lOJ
Organic nitrogen in coarser bone and tankage, .... 8|
Organic nitrogen in hair, horn-shavings and coarse fish scrap, . 8
Phosphoric acid soluble in water, 8
Phosphoric acid soluble in ammonium citrate,* .... 7^
Phosphoric acid in dry-ground bone, fish bone and tankage, . 7
Phosphoric acid in fine medium bone and tankage, ... 6
Phosphoric acid in medium bone and tankage, .... 5
Phosphoric acid in coarser bone and tankage, .... 4
Phosphoric acid in fine-ground rock phosphate, .... 2
Potash as high-grade sulphate, and in forms free from muriate
and chlorides, 51
Potash as kainite, 4J
Potash as muriate, 4J
Dissolved from two grams of phosphate unground, by 100 C. C. neutral solu-
tion of ammonium citrate, sp. gr. 1.09 in thirty minutes at 65° C, with agitation
once in five minutes ; commonly called " reverted " or " back-gone " phosphoric acid.
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The above trade values are the figures at which, in the six
months preceding March 1, the respective ingredients could
be bought at retail for cash in our large markets, in the raw
materials which are the regular source of supply.
They also correspond to the average wholesale prices for
the six months ending March 1, plus about twenty per cent,
in case of goods for which we have wholesale quotations.
The valuations obtained by use of the above figures will be
found to agree fairly with the reasonable retail price at the
large markets of standard raw materials, such as—
Sulphate of ammonia,
Nitrate of soda,
Mm"iate of potash.
Sulphate of potash.
Dried blood,
Dried ground meat.
Dried ground fish,
Azotin,
Ammonite,
Castor pomace,
Bone and tankage,
Plain superphosphates.
To obtain the valuation of a fertilizer (z. e., the money
worth of its fertilizing ingredients) , we multiply the pounds
per ton of nitrogen, etc., by the trade value per pound.
We thus get the values per ton of the several ingredients,
and, adding them together, we obtain the total valuation per
ton in case of cash payment at points of general distribution.
The mechanical condition of any fertilizing material, simple
or compound, deserves the most serious consideration of
farmers, when articles of a similar chemical character are
ofibred for their choice. The degree of pulverization con-
trols, almost without exception, under similar conditions, the
rate of solubility, and the more or less rapid diffusion of the
different articles of plant food throughout the soil.
The state of moisture exerts a no less important influence
on the pecuniary value, in case of one and the same kind of
substances. Two samples of fish fertilizer, although equally
pure, may differ from fifty to one hundred per cent, in com-
mercial value, on account of mere difference in moisture.
Crude stock for the manufacture of fertilizers and refuse
materials of various descriptions, sent to the Station for
examination, are valued with reference to the market prices
of their principal constituents, taking into consideration at
the same time their general fitness for speedy action.
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A large percentage of commercial fertilizing material con-
sists of refuse matter from various industries. The composi-
tion of these substances depends on the mode of manufacture
carried on. The rapid progress in our manufacturing indus-
try is liable to affect at any time, more or less seriously, the
composition of the refuse. A constant inquiry into the
character of the agricultural chemicals, and of commercial
manurial refuse substances offered for sale, cannot fail to
secure confidence in their composition, and to diminish
financial disappointment in consequence of their application.
This work is carried on for the purpose ofaiding the farming
community in a clear and intelligent appreciation of these
substances for manurial purposes.
Consumers of commercial manurial substances do well to
buy, whenever practical, on guaranty of composition with
reference to their essential constituents, and see to it that
the bill of sale recognizes that point of the bargain. Any
mistake or misunderstanding in the transaction may be
readily adjusted, in that case, between the contending parties.
The responsibility of the dealer ends with furnishing an
article corresponding in its composition with the lowest
stated quantity of each specified essential constituent.
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Analyses of Water sent on for Examination.
[Parts per Million.]
NUMBER.
1889.] PUBLIC DOCUMENT— No. 33. 193
194 AGRICULTURAL EXPERIMENT STATION. [Jan.
Analyses of Water— Concluded.
NUMBER.
1889.] PUBLIC DOCUMENT— No. 33. 195
5. Albuminoid ammonia over .15 parts per million ought
to absolutely condemn the water which contains it.
6. The total solids found in the water should not exceed
forty grains per gallon (571.4 parts per million).
An examination of the above results of analyses shows
that Nos. 5, 9, 10, IT, 17, 22, 27, 35, 36, 64, 78 and 82 are
of a suspicious character, and that Nos. 1, 3, 4, 6, 14, 15, 16,
18, 19, 21, 23, 28, 31, 33, 34, 40, 49, 50, 51, 52, 54, 55,
56, 64, 65, 68 and 72 ought to be condemned, on account of
a large amount of free and albuminoid ammonia, due most
likely to access of sewage water. An examination of the
above statement shows that a large proportion of the samples
received were from bad wells. Of fifty-eight samples of water
tested for lead, four were found to be poisoned by that metal,
in consequence of the use of lead pipes.
A satisfactory supply of good drinking water on a farm
depends, in a controlling degree, on a judicious selection of
the location of the well designed for the use of the family
and for the live stock, and on the personal attention be-
stowed, from time to time, on the condition of the well and
its surroundings. Good wells are liable to change for the
worst at any time, on account of circumstances too numerous
to state in this connection. To ascertain, from time to time,
the exact condition of the water which supplies the wants of
the family and of the live stock, is a task which no farmer
can, for any length of time, neglect, without incurring a
serious risk to health and prosperity.
The subject receives, quite frequently, but little attention,
on account of the fact that the harmful qualities which an
apparently good water may contain are disguised beyond
recognition by the unaided senses. Certain delicate chemi-
cal tests, aided at times by microscopic observations, are,
in the majority of cases, the only reliable means, in our
present state of scientific inquiry, by which desirable infor-
mation regarding the true character of a drinking water can
be obtained.
Parties sending on water for an analysis ought to be very
careful to use clean vessels, clean stoppers, etc. The samples
should be sent on without delay after collecting. One gallon
is desirable for the analysis.
196 AGRICULTURAL EXPERIMENT STATION. [Jan.
Compilation of Analyses made at Amherst, Mass.,
OF Agricultural Chrmicals and' Refuse Materials
USED FOR Fertilizing Purposes.*
Prepared by Mr. W. H. Beal.
As the basis of valuation ciianges from year to year, no valuation is stated.
1868 to 1889
Muriate of Potash (45 Analyses)
.
1889.] PUBLIC DOCUMENT— No. 33. 197
Sulphate of Potash and Magnesia (13 Analyses)
.
198 AGRICULTURAL EXPERIMENT STATION. [Jan.
CarnalUte (1 Analysis).
Per cent.
Potassium oxide, 13.68
Sodium oxide, 7.66
Magnesium oxide, 13.19
Sulphuric acid, .56
Chlorine, 41.56
Krugite (1 Analysis),
Per cent.
Moisture at 100° C, 4.82
Calcium oxide, 12.45
Magnesium oxide, . . . 8.79
Potassium oxide, 8.42
Sodium oxide, . . . .* 5.57
Sulphuric acid, 31.94
Chlorine, 6.63
Insoluble matter, 14.96
Sulphate of Magnesia (9 Analyses)
.
1889.] PCBLIC DOCUMENT— No. 33. 199
Onondaga Plaster * (7 Analyses)
.
200 AGRICULTURAL EXPERIMENT STATION. [Jan.
Lime Waste.
1889.] PUBLIC DOCUMENT— No. 33. 201
Marls * (5 Analyses)
.
202 AGRICULTURAL EXPERIMENT STATION. [Jan.
Wood Ashes. (Canada.) (87 Analyses.)
1889.] PUBLIC DOCUMENT— No. 33. 203
Ashes of Waste Products.
204 AGRICULTURAL EXPERIMENT STATION. [Jan
Saltpetre Waste from Gunpowder Works (7 Analyses).
1889.] PUBLIC DOCUMENT— No. 33. 205
Dried Blood (11 Analyses).
206 AGRICULTURAL EXPERIMENT STATION. [Jan.
Wool Waste (3 Analyses).
1889.] PUBLIC DOCUMENT— No. 33.
Refuse from Rendering Establishments.
207
208 AGRICULTURAL EXPERIMENT STATION. [Jan.
Fish containing 20 per cent, or less of Moisture (47 Analyses).
1889.] PUBLIC DOCUMENT— No. 33. 209
Fish containing 40 per cent, and more of Moisture (12 Analyses).
210 AGRICULTURAL EXPERIMENT STATION. [Jan.
Peruvian Ouano (26 Analyses).
1889.] PUBLIC DOCUMENT— No. 33. 211
Caribbean Guano (Orchilla) (10 Analyses).
212 AGRICULTURAL EXPERIMENT STATION. [Jan.
Navassa Phosphate (2 Analyses).
1889.] PUBLIC DOCUMENT— No. 33.
Castor Bean Pomace (4 Analyses).
213
214 AGRICULTURAL EXPERIMENT STATION. [Jan.
Cotton-seed Meal (6 Analyses).
[I. Average of five analyses. II. Damaged.]
1889.] PUBLIC DOCUMENT— No. 33. 215
Refuse Materials (Vegetable).
216 AGRICULTURAL EXPERIMENT STATION. [Jan.
Seorweed Ashes.
Moisture at 100° C,
Calcium oxide,
Magnesium oxide.
Potassium oxide.
Sodium oxide,
Phosphoric acid,
Sulphuric acid,
Sulphur,
Chlorine,
Magnesium chloride,
Insoluble matter.
Per cent.
1.47
6.06
4.37
.92
8.76
.30
2.98
.14
6.60
.14
63.65
Bockweed.
[I. Collected in May. II. Collected in December.]
I. ir.
Fresh wet rockweed lost, in air, of water, .
Fresh wet rockweed lost, at 100° C, of water, .
Air-dried rockweed contained, of vegetable matter, .
Air-dried rockweed contained, of water, .
The filled pods left, at 100° C, of solid organic matter.
The fresh stems left, at 100° C, of solid organic
matter,
The slime of the pods, dried at 100° C, contained, of
nitrogen,
Rockweed, entire plant with filled pods, dried at 100'
C, contained, of nitrogen, ....
Rockweed, air-dried, contained, of nitrogen,
" fresh (wet), contained, of nitrogen, .
" dried at 100° C, contained, ashes, .
" air-dried, contained, ashes,
" fresh (wet), contained, ashes, .
The slime of the pods contained, ashes.
78.700
90.400
88.220
11.780
7.360
30.650
2.920
2.286
2017
.487
28.930
6.220
3.770
49.356
65.920
76.920
89.000
11.000
1.721
1.432
.397
24.890
22.150
5.825
1889.] PUBLIC DOCUMENT— No. 33. 217
One hundred parts of the ash contained (I.) : —
Potassium oxide, .
Sodium oxide,
Calcium oxide.
Magnesium oxide,
FeiTic oxide,
Sulphuric acid.
Phosphoric acid, .
Per cent.
4 842
12.050
2.691
2.753
.338
7.986
6.240
Mud.
218 AGRICULTURAL EXPERIMENT STATION. [Jan.
1889.] PUBLIC DOCUMENT — No. 33. 219
Hen Manure.

COMPILATION OF ANALYSES OF FODDER ARTI-
CLES, FRUITS AND SUGAR-PRODUCING
PLANTS, ETC.,
3IADE AT
AMHERST, MASS.
1868-1 SSO.
Prepared by Mk. W. H. Beal.
A. Analyses of Fodder Articles.
B. Analyses of Fodder Articles with reference
TO Fertilizing Ingredients.
C. Analyses of Fruits.
D. Analyses of Sugar-producing Plants.
222 AGRICULTURAL EXPERIMENT STATION. [Jan.
Si
1889.] PUBLIC DOCUMENT— No. 33. 223
o
224 AGRICULTURAL EXPERIMENT STATION. [Jan.
S
1889.] PUBLIC DOCUMENT— No. 33. 225
226 AGRICULTURAL EXPERIMENT STATION. [Jan.
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1889.] PUBLIC DOCUMENT— No. 33. 227
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228 AGRICULTURAL EXPERIMENT STATION. [Jsm.
o
^
PQ
•sqi
1889.] PUBLIC DOCUMENT— No. 33. 229
C.— Analyses of Fruits.
NAME.
230 AGRICULTURAL EXPERIMENT STATION. [Jan.
C.— Analyses of Fruits— Continued.
Wild and Cultivated Grapes.
NAME.
1889.] PUBLIC DOCUMENT— No. 33. 231
C.— Analyses of Fruits— Continued.
Effect of Girdling on Grapes.
NAME AND CONDITION.
232 AGRICULTURAL EXPERIMENT STATION. [Jan.
C.— Analyses of Fruits — Continued.
Eflfect of Fertilization upon the Organic Constituents of Wild Grapes.
NAME.
1889.] PUBLIC DOCUMENT— No. 33. 233
C.— Analyses of Fruits— Concluded.
Ash Analyses of Fruits and Garden Crops.
234 AGRICULTURAL EXPERIMENT STATION. [Jan.
D.— Analyses of Sugar-producing Plants.
Composition of Sugar Beets raised upon tlie college grounds during the season
1889.] PUBLIC DOCUMENT— No. 33. 235
D.— Analyses of Sugar-producing Plants— Continued.
Effect of Soil and Fertilization on Electoral Suffar Beets. *
Soil.
236 AGRICULTURAL EXPERIMENT STATION. [Jan.
D.— Analyses of Sugar-producing Plants— Continued.
Effect of Different Modes of Cultivation on Electoral Sugar Beets.
Locality of Beet-field.
1889.] PUBLIC DOCmiENT— No. 33. 237
D.— Analyses of Sugar-producing Plants— Continued.
Early Amber Cane.
Date.
238 AGRICULTURAL EXPERIMENT STATION. [Jan
D.— Analyses of Sugar-producing Plants— Concluded.
Composition of the Juice of Corn Stalks and Melons.
1889.] PUBLIC DOCUMENT— No. 33. 239
Dairy Products.
NAME.
240 AGRICULTUEAL EXPERIMENT STATION. [Jan.
METEOROLOGY.
The meteorological observations of the past year have been
a continuation of those ofpreceding years, being on the same
general plan as recommended to voluntary observers of the
United States Signal Service. Observations are made at 7
A.M., 2 P.M. and 9 p.m., and include observations of tem-
perature, quantity and movements of the clouds, direction of
the wind, the humidity of the air during the summer months,
rain and snow fall, and of casual phenomena.
January opened with 4 inches of snow and good sleighing,
which continued through the larger part of the month. On
the 26th, a heavy snow-storm. At the close of the month
the snow averaged about 18 inches. Quite a depth of snow
remained on the ground until the thaw of the 20th of Febru-
ary. The snowfall for the month of February amounted to
9.5 inches. At the close of the month there were 6 inches
on the ground.
From the 11th to the 16th of March occurred the severest
storm of the season. This storm is recorded as giving 16
inches of snow, which amounted to 3.35 inches of water.
The storm was accompanied by high winds. The compara-
tively warm weather which followed took the snow off
rapidly. At the close of the month there were but 2 inches
of snow on the ground. The last storm of the season occurred
on April 10, with a record of 1.5 inches of snowfall.
The rainfall for the year amounted to 58.04 inches, or an
average of 4.84 per month. According to the observations
at Amherst, this is the heaviest since they were begun in
1836.
The average rainfall for the years 1836-1888 amounts to
44.34 inches. The smallest rainfall durino: this time was in
1889.] PUBLIC DOCmiENT— No. 33. 241
1864, 34.44 inches ; this was preceded, however, by a rain-
fall of 56.19 inches in 1863, which is, next to 1888, the high-
est for the period.
The largest rainfall during any one month was 10.70 inches
in September. This record for one month has been exceeded
only five times during the period covered by the Amherst
observations (1836-1889). The rainfall was pretty evenly
distributed throughout the rest of the year.
The mean annual temperature for the year is 43.98°. The
average for the period from 1837-88 is 46.81. The average
for the year 1875 was 44.22, which is the lowest except for
the year 1888. The highest average thus far for any year
has been 49.47°, in 1878. January, 1888, was the coldest
month since 1837, being 9.5 lower than the average for that
period^ The temperature for October has been lower but
once,— 1841,— and for April and July but twice, since the
records began. The temperature for June, August and
November was the average for those months, while Decem-
ber shows a considerably higher mean. February, March,
May and September were considerably below the average.
The weather during the growing months was quite favorable
to the grass crop, but corn suffered considerably from the
wet weather. The latter was unfavorable for the curing of
both these crops.
The last killing frost of the season occurred May 8 ; the
first in the autumn, September 7. The average date of the
first killing frost in this vicinity is September 20. Light
frost occurred May 16 and September 6. Snow-squalls
occurred October 9 ; the first snow-storm happened Novem-
ber 25. This snowfall, amounting to 5 inches, was the only
appreciable one during the month. The snow disappeared
quickly. In December there were two slight storms, amount-
ing to less than 3 inches.
The prevailing direction of the wind for the year was
N. W. It was north-west in January, February, March,
April, June, July, August, September, October and Decem-
ber ; south-west in May, and north-east in November.
The number of days when the sky was less than four-tenths
covered by clouds, clear days, was 58 ; the greatest number,
9, being in January, and the fewest, 1, in August.
242 AGRICULTURAL EXPERIMENT STATION. [Jan.
There were 97 " cloudy " days, or those when the sky was
more than seven-tenths covered by clouds. March and Octo-
ber had 12 cloudy days each ; April and July the fewest, 3
each. The remaining days were variable, being partly
cloudy and partly fair.
The -highest temperature of the year was 94.5°, occurring
July 23; the lowest, — 21.5°, occurring Janu?;ry 23. The
maximum for the previous year, 1887, was 93.6°, on the 2d
of July, and the minimum was— 22.2°, on the 19th of
January. The absolute range of temperature for 1888 was
116°, practically the same as for 1887, 1° less than for 1886.
1889.] PUBLIC DOCUMENT— No. 33. 243
244 AGRICULTURAL EXPERIMENT STATION. [Jan.
Miscellaneous Phenomena— Dates.
1889.] PUBLIC DOCUMENT— No. 33, 245
Record
Of the, Average Temperature taken from Weather Records at Amherst,
Mass., for three consecutive months, during the summer and winter
beginning with the year 1836.
December, January, February.
1836-37,
1837-38,
1838-39,
1839-40,
1840-41,
1841-42,
1842-43,
1843-44,
1844-45,
1845-46,
1846-47,
1847-48,
1848-49,
1849-50,
1850-51,
1851-52,
1852-53,
1853-54,
1854-55,
1855-56,
1856-57,
1857-58,
1858-59,
1859-60,
1860-61,
1861-62,
1862-63,
1863-64,
1864-65,
1865-66,
1866-67,
Degrees F.
25.396
26.386
25.950
20.626
23.146
28.516
23.460
21.320
25.550
22.140
25.176
28.966
23.026
27.570
25.040
21.620
27.940
23.670
23.126
20.820
22.720
26.956
24.746
24.790
24.510
24.470
27.640
26.060
21.310
25.676
25.276
Jane, July, August.
1837,
1838,
1839,
1840,
1841,
1842,
1843,
1844,
1845,
1846,
1847,
1848,
1849,
1850,
1851,
1852,
1853,
1854,
1855,
1856,
1857,
1858,
1859,
1860,
1861,
1862,
1863,
1864,
1865,
1866,
1867,
Degrees F.
69.130
69.550
70.180
68.770
69.230
68.210
67.950
67.260
70.120
68.406
68.806
69.210
69.210
68.820
66.640
66.830
67.846
69.856
67.146
69.225
67.240
67.930
65.650
66.540
66.870
66.490
66.656
69.336
68.946
67.400
67.920
246 AGRICULTURAL EXPERIMENT STATION. [Jan.
Record of Temperature, etc.— Concluded.
December, January, February.
1889.] PUBLIC DOCUMENT— No. 33. 247
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INDEX
TO SIXTH ANNUAL REPORT, 1888.
Albuminoid nitrogen in roots,
Alfalfa, analyses of, .
Alsike clover, analyses of.
Ammonite, analysis of.
Analyses of apples,
" " apple pomace,
" " '• " ensilage,
" " ashes of chestnut railroad ties
" " aslies of cotton seed hulls,
" " ashes of hard pine, .
" •' ashes, lime-kiln,
" " ashes, logwood,
" " ashes, mill,
" " nshcs, sea-weed,
'• " ashes of spent tan bark,
" " ashes, wood,
" " asparagus,
" " barley,
" " barnyard grass
" " bat guano,
'• " beets, fodder,
" " '• sugar,
" " bone ash, .
" " bone-black,
" " bones,
" " brewer's grain, rotten,
" " " " spent,
" " Brockville phosphate,
" " broom-corn seed meal,
" " broom-corn seed,
" •' broom-corn waste,
" " buttermilk,
" " Caribbean guano,
" " camallite,
«• " carrots, .
" " castor bean pomace
"
"cheese,
" " cocoa dust,
" " compound fertilizers,
" " •' Concentrated Flower Food,"
2.55
Tagb
146
223, 227
223, 227
204
224, 227, 229
225
225
203
173
203
•:oo
203
203
216
202
170, 171, 172,202
233
223
223
210
142-145, 224, 227
44, 224, 227, 234, 237
211
181, 212
82, 183, 207
2:4
92, 225, 228
212
225
224
225, 228
239
211
198
224, 227
177, 213
239
225, 228
3-170, 186, 187
185
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Analyses of corn cobs, .' 84, 225
com and cob meal 34, 73, 85, 224, 227
corn kernels 224, 227
corn and cobs ensilaged whole, 222
corn ensilage, 37, 86, 222, 22G
corn fodder, 84, 222, 226
corn meal, 34, 49, 71, 87, 225, 227
corn 1 efuse from starch \vorks, 225
corn stover, 37, 222, 226
cotton refuse, . . . . " . . . . . . 178, 2i3
cotton hulls 92, 93, 225, 228
cotton-seed hull ashes, 173, 202
cotton-seed meal, 93, 177, 214, 225, 228
cow pea 51, 222, 223, 226
cranberries 229, 233
Cuba guano, 210
cniTants, 233
dried blood, 205
dried fish 180, 208
early amber cane, 237
ensilage of fodder corn, 37, 86, 222, 226
felt factory refuse, 205
fresh water mud, 217
fish 180, 208, 209
fodder beets, 141, 142, 143, 224, 227, 234
fodder corn 36; 222, 226
gas-house lime, 199
German peat 218
German potash salts, 197
glucose refuse, 215
gluten meal 35, 50, 72, 89, 90, 225, 228
grapes 230, 233
ground bones, 182, 183, 207
guanos 210, 211
gypseous shale 199
hay 36, 222
hen manure, 219
herds-grass, 222, 223, 226
hominy feed 227
hominy meal, 225
horn and hoof waste, 205
horse bean (beans), 224
" (straw), 223
" (whole plant), 222,226
hop refuse, 215
Hungarian grass, 222, 223
kainite, 197
la-ugite, 198
lime-kiln ashes, 200
lime waste, 200
linseed cake, 225, 228
lobster shells, 209
lucerne 223, 226
lupine, 222, 226
mangolds, 224, 227
marls, 201
meadow fescue, 223, 227
INDEX. 257
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Analyses of meat mass, 206
" milk 33, 48, 239
" " millets 223
" **' muck, 175, 176, 218
" " mud, 217
" " muriate of potash 174, 196
'*
" Navassa phosphate,
^
. . . 212
" " nitrate of potash, 203
" " nitrate soda, 203
" " nitre salt-cake, 204
<< «• Nova Scotia plaster 198
" " oats, ..,-... 222, 223
" " oat feed, ground, 91
" " oleomargarine refuse, 205
" " onions, 233
" " Onondaga plaster, 199
" orchard grass, 223, 226
" " Orchilla guano 211
" " pea meal 225, 228
" " peaches, 229
" pears, 229
" " peat, . .218
" " Peruvian guano, 181, 210
" " phosphatic slag, 184, 212
" " potatoes, 224
" " poudrette, 219
'* " provender, 91
" " raw wool 206
" " red-top, 223, 226
" " refuse camel's hair, 177
" '* refuse from rendering establishments, 207
" " rowen hay, dried in the field 223
X
<« rowen hay, ensilaged, 223
" ruta bagas, 145, 224, 227
" rye, 223
" " rye bran, 225
" rye middlings, 225, 228
" " salt mud, 217
" " saltpetre waste 174, 204
" " sea-weed ashes 216
" sea-weeds 176, 215, 216, 217
" serradella, 222, 223, 226, 227
" " skim milk 71, 239
" " soap-grease refuse, 179
" " soil from diked marsh, 217
" soot, 219
" " soup from horse rendering establishments, 207
" " South American bone ash, 211
" " South Carolina rock phosphate, 181, 211
'• " Southern cow-pea 51, 222, 223, 226
" " sponge refuse, 205
" " strawberries, 233
" sugar beets 144, 224, 227, 234-237
" " sugar-beet pulp, 225
" " sulphate of ammonia 204
" " " " magnesia 198
" " " " potash, 196
258 INDEX.
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Analyses of sulphate of potash and magnesia 174,197
" " sumac waste, 215
" " tankage, 207
'< " timothy hay, ' . 222
" " tobacco stems, 214
" " turf, 218
" turnips 145, 224, 227
" vetch, 223
" vetch and oats, 50, 222, 226, 227
" " waste from oil presses, 178
'* " water, 191-194
" whale flesh 209
" " wheat bran, 35, 49, 72, 87, 88, 89, 225, 228
" " wheat grain, 224
" " wheat meal ' . . 227
" " wheat middlings, 22."), 228
" " wheat straw, 223
" " white daisy, 223, 227
" "wood ashes 170,171,172,202
" " wool waste and washings, 178, 206
Apples, compilation of analyses of, 224
" fertilizing constituents of, 227
•' pomace, 225
'*'
" ensilage, 225
Ashes 170, 171, 172, 202
Ash analyses of fruits and garden crops, ........ 233
Ashes from blue works, 219
Asparagus, analysis of, 233
Barley, analysis of, 223
Barnyard grass, analysis of, 223
Bat guano, compilation of analyses of, 210
Beets, fodder, analyses of 141,142,143,224,227,234
Beets, sugar, analyses of, 144, 224, 227, 234-237
Blood, compilation of analyses of, 205
Bones, compilation of analyses of 207
Bone-black, compilation of analyses of, 212
Bone ash, 211
Brewer's grain, rotten, analysis of, 214
" " spent, analysis of, 92, 225, 228
Brockville phosphate 212
Broom-corn seed meal, 225
" seed 224
" waste 225, 228
Buttermilk, analysis of, 239
Caribbean guano, compilation of analj'ses of, 211
Carnallite, analysis of, ... 198
Carrots, compilation of analyses of, 224, 227
Castor bean pomace, analyses of, . . . • 177, 213
Cheese, analyses of 239
Cocoa dust, analyses of, 225, 228
CoefBcients of digestibility used, 20
Compilation of analyses of agricultural chemicals and refuse materials used
for fertilizing purposes, 196-220
Compilation of analyses of fodder articles 222-229
Composition of juice of cornstalks and melons, 233
Compound fertilizers, analyses of 158-170, 186, 187
Compound fodder articles, comments on, 91
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Pagb
Conclusions from feeding experiments with cows, 21
Corn and cobs, compilation of analyses of, 224, 227
" cobs, compilation of analyses of, 225
" kernels, compilation of analyses of, 224, 227
" ensilage, compiLition of analyses of, 222, 227
" fodder, compilation of analyses of, 222
" meal, compilation of analyses of, 225,227
" stover, analyses of 37, 222, 226
" and cob, ensilaged whole, 222
Cotton refuse, 178, 213
'« hulls, 92, 93, 225, 228
Cotton-hull ashes, 173, 202, 225
Cotton-seed meal, compilation of analyses of, 214, 225
" " fertilizing constituents of, 214, 228
Cow-pea, 51, 118, 222
" compilation of analyses of, 222, 223
" feeding trials with 38-49
" fertilizing constituents of, 226
" yield per acre, 118
Cranberries, analyses of, 229, 233
Creamery record for one year 52
Cuba guano, compilation of analyses of, 210
Cultivation, effect of, upon sugar beets, . . 238
Currants, analyses of, 233
Department of vegetable physiology, organization of, 7
Dried blood, compilation of analyses of, 205
Dried fish, analyses of 180,208
English hay, compilation of analyses of, 223
Experiments with feeding milch cows 11-63
" «' " pigs, 53-84
Experiments, field, 97-152
" with corn, 97-107
" " potatoes, 121-138
" " scabby potatoes, 126-131
Feeding experiments, 12-84
Feeding experiments with milch cows, 1 11-38
Average cost of feed for production of one quart of milk, . . . 20-29
Average daily yield of milk during periods 20-29
Analyses of fodder articles used 31-38
" milk, 33
Changes of diet, 19
Conclusions from, 19, 20
Dry matter contained in daily rations, 23-26
Manurial value of feed 20,31,32
Net cost of feed per quart of milk, 29
Nutritiveratioof articles fed, 14,23,24,25
" " " rations fed, 17, 18
Pounds of dry matter required to produce one quart of milk, . . 2 5-26
Quarts of milk produced per day, 23-26
Rations used, 11
Record of cows, - . . 23-26
Vahration of fodder articles used, 12,21
Valuation of fertilizing constituents in feed used, 33
Feeding experiment with milch cows, II. Green fodders vs. English hay, . 38-53
Analyses^'of fodder articles used 49-53
" " milk 48
Average cost of feed for production of one quart of milk, . . . 43-46
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Feeding experiment with milch cows, II. — Continued.
Average daily yield of milk by periods, 43-46
Manurial value of feed 46, 47'
Milk and creamery record, 52
Nutritive ratios of rations used, 39, 40, 43
Net cost of feed per quart of milk, 46,47
Valuation of fodder articles used 39
Valuation of fertilizing constituents of fodders used, .... 46
Feeding experiments with pigs, 53-84
Amount of dry matter required to produce one pound of pork, . . 81
Analyses of articles fed, 71-73, 82-84
Average daily rations, 39, 7
1
Conclusions, 59, 60
Cost of feed per pound of dressed pork, 57, 68, 80
Dressed weight gained during trial, . . . .' . . .57,68,80
Loss in weight by dressing, 61, G_', G), Gj, 66, 67, 75-79
Manurial value of feed consumed 57,69,70,80
Nutritive ratios of feed, 56, 59, 74
Object of experiment 55
Uecords of experiments, 61-69,74-81
Remarks on previous experimeuts, 53-56
AVeights of animals at time of killing, 61-68,75-79
Felt refuse, analysis of, 205
Fertilization, effect of, upon ash of grapes, 232
" '« " " sugar beets, 234
Fertilizer inspection, ofiicial, 158-170
Fertilizers, basis of valuation of, 188
" compound, 158-170, 186, 187
Fertilizer law, 162-156
Fertilizing constituents of alfa'fa 227
" ' " " alsike clover, 227
" " " apples, 227
" " " beets, 143, 144, 227
" " "
"brewer's grain (spent) , 92,228
"
.
" " broom-corn waste, 2J8
" " " carrots 227
" " " cocoa dust 223
«' " " corn kernels, 227
" " " corn and cobs, 85, 227
" "
_
" corn cobs, 85
" " " corn ensilage, 226
" " " corn meal, 227
" " " cotton hulls, 93, 228
" " " cotton-seed meal, 177,214
" " " cow-pea 226
" '• " fodder corn, 226
" " " gluten meal 223
" " " hay 90, 226, 227
" " " herds-grass, 226
" " " hominy feed, 227
" " " horse bean (whole plant), . . . . . 226
" " " linseed cake, 228
" " " lupine (white), 226
" " " lucerne (alfalfa), 227
" "
"mangolds, 143,227
" " " meadow fescue, 227
" " " orchard grass, 226
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